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ABBTBACT 


The  basic  assumption  underlying  the  study  reported  in 
this  thesis  is  that  it  should  be  possible  to  develop  a  tech¬ 
nology  of  instruction,  broadly  applicable  to  many  areas  of 
study;  and  that  tne  field  of  programmed  instruction  might 
be  a  fruitful  one  in  which  to  search  for  the  basis  of  such 
a  technology.  Before  this  technology  can  be  developed,  how¬ 
ever,  it  seems  necessary  to  examine  a  number  of  instructional 
methods  and  to  determine  wnicn  methods  are  most  effective. 
Furthermore,  various  instructional  methods  may  be  more  effec¬ 
tive  than  others  for  certain  types  of  pupils;  and,  about  this 
too,  more  information  is  needed,  i he  writer  therefore  under¬ 
took  to  compare  four  methods  of  presenting  programmed  mater¬ 
ial  to  pupils  at  two  different  Iq  levels.  By  this  procedure 
it  was  felt  that  information  would  be  obtained  that  would 
indicate  which  method  of  presentation  was  superior  in  gen¬ 
eral  ,  and  which  metnod  of  presentation  might  be  more  effec¬ 
tive  for  pupils  at  either  a  high  or  low  level  of  intelli¬ 
gence.  The  relative  effectiveness  of  the  four  instruc¬ 
tional  methods  was  predicted  on  the  oasis  of  a  number  of 
variables  such  as  response  mode,  amount  of  feedback,  rein¬ 
forcement  amid  probability  of  error  response. 

Forty  children — 20  high  IQ  said  20  low  IQ —  in  a  Brade 
Vli  language  class  were  chosen  as  subjects  on  the  basis  ox 
a  language  test  prepared  specifically  for  this  experiment 
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and  given  prior  to  it. 


inis  test  was  also  used  as  the  cri¬ 


terion  post-test.  The  twenty  pupils  in  each  IQ  level  were 
assigned  randomly  to  four  groups  of  five  each,  thus  providing 
for  10  subjects  in  each  of  four  experimental  programs,  tne 
quiz ,  modified  quiz ,  no— practice  a  Ld  test  programs*  The 
subjects  worked  through  the  program  on  each  of  three  succes¬ 
sive  days,  and  were  given  the  post— test  on  the  fourth  day. 

The  mean  scores  were  then  submitted  to  an  analysis  of  vari¬ 
ance  and  covariance  so  that  they  might  be  tested  for  signi¬ 


ficance  after  differences  in  pre-test,  due  to  randomization, 
had  been  taken  into  account.  v 

The  results  of  the  analysis  of  the  data  clearly  indi¬ 
cate  that  the  quiz  and  modified  quiz  methods  are  superior 
to  the  test  and  no-practice  methods.  An  analysis  of  tne 
mean  time  taken  to  complete  the  programs  indie  tes  tnat  the 
modified  quiz  program  required  much  more  tine  than  did  tne 
other  three  methods.  Since  there  was  little  difference  in 
achievement  between  modified  quiz  and  quiz  methods,  it  would 
appear  that  for  this  type  of  material,  at  least,  the  quiz 
method  of  instruction  is  more  efficient. 

The  analysis  of  covariance  also  indicates  a  significant 
difference  in  IQ  levels  and  a  significant  interaction  effect  5 
however r  because  the  difference  in  ligh  and  low  IQ  groups 
for  the  no— practice  met nod  was  much  less  t  ian  e  , 

the  difference  in  the  test  method  was  much  larger  tnan  expec¬ 
ted,  this  interaction  has  no  useful  interpretation* 
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CHAPTER  I 


THE  GENERAL  PROBLEM 

Programmed  instruction51  and  the  device  known  as  the 
"Teaching  Machine"  has  recently  become  one  of  the  major 
topics  of  discussion  among  educators.  Manufacturers  of 
machines,  publishers  of  programs  and  the  layman  involved 
in  administration  of  the  school  system  have  all  become  in¬ 
volved.  The  danger  exists  that  the  effects,  both  positive 
and  negative,  of  programmed  instruction  will  be  released 
and  applied  without  sufficient  attention  to  careful  study 
of  well-planned  research.  Much  evidence  is  available  which 
can  be  used  appropriately  to  test  this  advance  in  education. 
An  examination  of  this  evidence,  and  further  research 
based  on  it,  will  help  to  define  some  of  the  variables 
related  to  programmed  instruction  and  will  also  result  in 
a  clearer  approach  to  programming,  making  for  optimal 
efficiency  in  its  use. 

For  some  time  animal  psychologists  have  been  making 
intensive  efforts  to  analyze  and  describe  the  learning 
process.  (/ith  the  advent  of  programmed  instruction  it  be¬ 
comes  possible  to  apply  what  these  scholars  have  discover¬ 
ed  about  the  learning  process  to  human  learning.  It  may 
now  be  possible,  and  even  necessary,  to  develop  a 
technology  of  instruction  which  will,  as  a  discipline, 
embrace  previously  discovered  but  unintegrated  principles 

A  See  p.  58  for  definition  of  "programmed  instruction" 
and  related  terms. 
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related  to  learning*  This  would  obviate  the  need  of  sub¬ 
scription  to  a  specific  school  of  learning  theory  or 
psychology.  The  only  criterion  for  accepting  an  in¬ 
structional  technique  would  be  a  pragmatic  test  of  its 
effectiveness.  Future  research  must  therefore  be  in  the 
form  of  combining  known  principles  in  some  useful  way 
rather  than  analyzing  unrelated  concepts  without  at  least 
some  attempt  at  synthesis, 

Studies  related  to  programmed  instruction  have,  for 
the  most  part,  amply  demonstrated  that  such  a  method  can  be 
successfully  used  for  instruction  in  many  subject  areas 
ranging  from  Keislar’s  (1959)  work  with  Grade  I  children 
learning  molecular  theory  to  the  rather  esoteric  studies 
of  Gagne  (1961,  62)  in  guided  discovery.  Further  studies 
are  cited  by  Stolurow  (1961)  to  indicate  that  programmed 
instruction  can  be  useful  over  a  wide  range  of  age  and 
ability  differences.  Since  the  effectiveness  of  this  mode 
of  instruction  cannot  therefore  be  generally  questioned, 
it  is  not  primarily  the  purpose  of  this  thesis  to  compare 
the  classroom  teacher  and  his  techniques  with  the  programs 
now  available,  it  is  more  important  that  a  study  ol  various 
types  of  programs  be  undertaken  to  determine  which  oi  these 
can  be  most  effectively  used  in  a  classroom  situation. 

It  is  the  purpose  of  this  study  to  investigate  two 
specific  areas  related  to  learning  and  programmed  instruct¬ 
ion:  Under  what  conditions  will  optimum  learning  take 
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place?  What  type  of  program  will  best  meet  the  needs  of 
the  learner?  This  study  will  therefore  be  concerned  with 
the  v/ ay  in  which  children  learn  best,  the  type  of  material 
from  which  they  learn  best,  and  the  type  of  practice  which 
leads  to  best  results  -  that  is,  we  are  concerned  with 
subject  factors,  task  factors  and  practice  factors, 
furthermore,  this  study  is  committed  to  an  examination  of 
the  evidence  concerning  interaction  among  the  foregoing 
factors 0  Teaching  machine  programs  and  the  way  in  which 
task,  subject  and  practice  factors  interact  in  the  learning 
situation,  are  made  the  explicit  object  of  study.  The  type 
of  program  presentation  used  is  really  determined  by  the 
way  in  which  these  factors  are  combined,  and  it  is  this 
possibility  of  combination  which  makes  it  possible  to  sub¬ 
mit  the  various  types  of  programs  to  experimental  testing. 
It  is  proposed  that  several  types  of  program  presentations 
be  used  to  test  their  relative  effectiveness  among  various 
types  of  pupils.  This  should  provide  some  basic  knowledge 
related  to  the  technology  of  instruction  as  distinct  from 
the  principles  of  learning  and  a  theory  of  learning.  Among 
other  things,  it  should  provide  us  with  some  specific 
knowledge  of: 

a)  the  optimum  combination  of  factors  known  to  oe  con¬ 
ducive  to  efficient  learning. 

b)  the  limits  of  complexity  required  of  a  programmed 

teaching  device. 

c)  the  minimum  amount  of  overt  activity  required  for 
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effective  learning „ 

d)  the  relationship  between  the  type  of  program  used 
and  the  intelligence  of  the  pupil . 

In  other  words,  it  is  the  purpose  of  the  study  to 
examine  the  merits  of  several  instructional  methods  and  to 
try  to  determine  at  least  some  of  the  factors  which  make 
these  methods  successful,. 


, 

„ 

.  ?  •-  •  ■  *1 

. 


' 

5 


CHAPTER  II 

THE  RELATED  LITERATURE 

Most  of  the  current  research  in  programmed  instruction 
is  intended  to  answer  one  of  four  basic  types  of  questions, 
lo  The  first  and  oldest  type  of  research  literature 
deals  with  the  problem  of  evaluating  programmed  in¬ 
struction  on  the  basis  of  appropriateness  to  specific 
subject  areas  and  various  levels  of  ability0 
2o  A  second  type  of  research  deals  with  the  problem 
of  evaluating  and  revising  a  specific  programs 
3o  A  third  type  of  question  which  has  been  invest¬ 
igated  deals  with  basic  problems  such  as  response  mode, 
pacing  problems,  comparison  of  one  type  of  programming 
with  another,  eL' 

40  A  fourth  type  of  research  deals  with  the  mors  basic 
psychological  problems  such  as  interaction  effects  of 
IC,,  age  and  other  learner  variables. 

The  review  of  the  literature  in  this  thesis  v/ill  de¬ 
part  somewhat  from  the  pattern  suggested  by  the  problems 
listed  above  as  it  is  felt  that  the  following  pattern  is 
more  useful  than  an  historical  approach,,  Studies  will  be 
reviewed  dealing  with  the  automated  instruction  device  as 
such.  This  will  be  followed  by  a  discussion  of  learner 
variables  which  are  closely  related  to  programmed  instruct¬ 
ion.  A  section  will  then  follow  on  variables  relating  to 
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programming  and  the  review  will  conclude  with  a  brief 
criticism  of  current  research. 

Teaching  Machines 

Functional  Analysis  As  early  as  1866  Halcyon  Skinner 
developed  a  teaching  aid  in  the  form  of  a  spelling  machine. 
In  1873  a  machine  was  patented  which  it  was  claimed  could 
teach  logic.  H.B.  English  (1942)  developed  a  device  used 
in  the  first  World  War  to  teach  soldiers  to  squeeze  a  rifle 
trigger.  Pressey  (1922)  invented  several  devices  to  auto¬ 
mate  testing.  Many  machines  and  devices  have  been  develop¬ 
ed  recently  and  some  logical  classification,  based  perhaps 
on  the  functions  which  they  perform,  may  prove  useful. 

The  first  step  in  an  analysis,  however,  is  to  determine  how 
a  teaching  machine  differs  from  a  teaching  aid. 

There  appears  to  be  some  disagreement  as  to  the 
essential  characteristics  which  a  teaching  machine  must 
possess, and  very  little  definitive  evidence  is  available 
which  would  clearly  indicate  just  what  the  limits  of 
sophistication  might  be. 

Porter  (1957)  has  suggested  three  essential  features 
which  distinguish  between  teaching  machines  and  teaching 
aids ; 

1,  A  sequence  of  carefully  graded  problems  leads  the 
learner  to  meaningful  knowledge.  Thus  the  teaching 
machine  is  not  just  another  gadget  to  aid  the  memory 
but  encourages  the  student  to  think. 
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2o  A  teaching  machine  requires  some  action  on  the  part 
of  the  learner.  Such  action  may  be  overt  or  covert. 

3.  The  device  provides  for  immediate  knowledge  of 
results.  Such  knowledge  of  results  may  be  in  the 
v  form  of  a  signal  indicating  whether  the  answer  is 

right  or  wrong  or  it  may  be  in  the  form  of  clues  or 
guides  helping  the  student  to  formulate  the  correct 
answer.  In  any  case  guidance  is  so  given  that  the 
student  is  prevented  from  following  some  line  of  error. 
Carr  (1959)  suggests  that  a  self-instructional  device 
has  four  major  components: 

1.  a  display  by  means  of  which  the  program  is  pre¬ 
sented, 

2.  a  response  panel  which  the  learner  uses  in  framing 
or  preparing  his  response, 

3.  a  confirming  mechanism  or  some  type  of  comparator 
to  which  the  learner  can  prepare  his  response,  and 

4.  a  reinforcement  mechanism  which  keeps  the  student 
mov ing. 

In  contrast  to  the  specifications  suggested  by  Porter 
and  Carr,  other  experimenters  have  found  that  simpler 
devices  may  do  an  equally  effective  jobj  but  it  must  oe  sub¬ 
mitted  that  many  of  the  machines  now  in  use  are  research 
devices.  Cram  (1961)  suggests  that  a  teaching  device 
merely  provides  information,  asks  for  periodic  responses, 
waits  for  these  responses  and  then  informs  the  pupil 
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of  the  appropriateness  of  the  response  before  allowing 
him  to  go  on  to  the  next  frame,  A  survey  of  the  liter¬ 
ature  in  this  area  would  suggest  that  there  are  three 
crucial  characteristics  present  in  an  effective  teaching 
machine:  the  machine ^must  make  provision  for  pacing  by 

the  pupil;  it  must  provide  for  action  on  the  part  of  the 
learner  -  either  overt  or  covert;  and  it  must  provide 
knowledge  of  results. 

Classification  of  Teaching  Machines  and  Devices »  Since 
teaching  machines  can  differ  in  so  many  ways ,  some  method 
must  be  presented  for  classifying  them.  Perhaps  the  most 
satisfactory  classification  to  date  is  that  of  Stolurow 
(1961).  He  uses  as  a  differentiating  concept  the  adapt¬ 
ability  of  the  device.  In  addition  to  this  he  classifies 
each  device  on  the  basis  of  a  further  series  of  variables 
which  he  describes  as  characteristics  of  a  maximally 
adaptive  machine.  These  ten  characteristics  are  found  to 
some  extent  in  all  of  the  devices  known  as  maximally  adapt¬ 
ive  machines  but  may  be  entirely  missing  on  some  of  the  less 
adaptive  ones.  These  characteristics  will  be  discussed 
briefly  and  will  be  followed  by  Stolurow's  analysis. 

Presentation  -  This  involves  the  display  of  the  material 
which  may  be  in  the  form  of  a  film,  or  printed  material. 

Response  -  This  may  be  in  the  form  of  selecting  an  answer 
from  multiple  choice  list,  or  it  may  be  constructed  by  the 
pupil  either  mechanically  or  in  some  written  form. 

Pacing  -  Hither  the  machine  or  the  learner  does  the  pacing. 
In  the  simpler  devices  this  is  left  to  the  learner  unless 
there  is  an  outside  source  such  as  the  teacher  to  do  the 
pacing. 
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Comparator  -  This  provides  a  means  whereby  the  pupil  can 
compare  his  response  to  the  correct  one.  As  the  machine 
becomes  more  adaptive,  it  takes  over  more  and  more  of  the 
comparator  function. 


Feedback  -  a  minimally  adaptive  machine  usually  does  not 
provide  feedback,  in  that  it  merely  indicates  whether  the 
answer  is  right  or  wrong  but  does  not  indicate  the  extent 
of  correctness  or  incorrectness. 

Collator /Recorder  -  None  of  the  minimally  adaptive 
machines  is  able  to  collate  information. 

Selector  -  This  also  is  present  only  in  adaptive  machines. 
In  the  simpler  forms  of  equipment  it  is  possible,  however, 
for  the  teacher  to  select  material  suitable  for  the 
individual  pupil. 

Library  -  The  library  in  each  case  may  be  basic  only,  or 
in  the  more  adaptive  machines  the  library  may  be  varied. 

Program  -  In  the  minimally  adaptive  machines  the  program 
is  always . linear.  In  the  more  sophisticated  machines  a 
branching  program  is  usually  available. 

Computer  -  This  is  present  only  in  the  more  expensive 
adaptive  machines. 

1,  Minimally  Adaptive  Machines:  In  this  case  the 
devices  may  be  said  to  be  incomplete  by  themselves  because 
at  some  stage  in  the  learning  process  they  need  some  form 
of  auxilliary  help,  usually  in  the  form  of  the  experimenter 
or  the  teacher.  An  example  of  such  a  device  might  be  a 
deck  of  flashcards  with  stimulus  or  cue  material  on  one  side 
and  the  associated  response  material  on  the  other.  The 
cards  are  presented  in  some  predetermined  order;  the  pupil 
responds  to  the  stimulus  and  checks  his  answer  by  examining 
the  other  side  of  the  card.  Usually  there  is  a  predetermined 
interval  of  time  between  the  presentation  01  the  stimulus 
and  the  response  check*  This  period  oi  time  is  controlled 
by  the  experimenter  or  teacher.  In  any  case,  the  learner 
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sees  the  right  answer  whether  he  has  made  the  right  response 
or  not.  This  means,  of  course,  that  the  program  is  ident¬ 
ical  for  all  learners  both  in  content  and  in  the  speed  at 
which  it  is  presented.  A  more  sophisticated  type  of  device 
is  the  memory  drum.  Here  the  items  are  displayed  mechanic¬ 
ally.  In  its  usual  form  the  drum,  though  it  may  pace  the 
learner  automatically,  usually  requires  that  some  person  be 
present  who  can  inform  the  pupil  of  the  rightness  or  wrong¬ 
ness  of  the  response.  Since  some  source  beyond  the  machine 
is  necessary  for  efficient  learning  to  take  place,  this  may 
still  be  defined  as  machine-program-teacher-learner  system. 
It  is  still  minimally  adaptive. 

2.  Partially  Adaptive  Machines:  Essentially  there 
are  two  types  of  partially  adaptive  machines  -  the  hardware 
type  and  the  printed  type.  Most  of  these  devices  are  used 
to  measure  recognition  and  require  a  multiple-choice  type 
of  response.  A  few  require  that  the  learner  compose  his 
response  through  the  use  of  keys,  slider,  etc.,  or  by 
writing  on  a  separate  answer  sheet  which  can  later  be  com¬ 
pared  to  the  correct  response.  Some  of  the  machines  perform 
the  comparator  function  for  the  pupil,  but  in  the  write-in 
devices  this  is  not  yet  technically  feasible  at  any  complex 
level  of  instruction.  In  most  of  the  devices  the  learner 
is  given  direct  feedback  by  being  shown  the  correct  answer 

once  he  has  indicated  his  own  choice. 

Another  characteristic  of  these  devices  is  that  they 
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are  paced  by  the  learner.  In  most  cases  the  learner  mast 

give  the  correct  answer  before  he  can  proceed  to  the  next 

frame.  Examples  of  such  devices  are  Pressey’s  multiple 

choice  machine  and  Skinner’s  disk  machine  and  arithmetic 

machine,  a  more  intricate  machine  is  the  Western  Design 

Autotutor,  described  as  an  automatic,  random-access 

recording,  microfilm,  motion  picture  projector. 

’’The  student  finds  the  first  unit  of  subject-matter 
information  on  image  1  of  the  microfilm,  along  with 
a  multiple-choice  question  based  on  that  unit  of 
information.  He  then  selects  an  answer  to  the 
multiple-choice  question,  enters  into  a  keyboard  the 
frame  number  accompanying  the  answer  he  selects  — 
a  frame  number  is  always  located  beside  each  alter¬ 
native  answer  --  and  presses  the  ’view’  button.  The 
device  then  automatically  locates  and  projects  the 
image  that  is  at  the  address  that  was  the  student’s 
choice.  If  the  correct  answer  to  the  multiple-choice 
question  was  chosen,  the  image  selected  will  not  only 
contain  knowledge  of  results  but  also  will  contain 
the  next  unit  of  information,  and  the  next  question. 

If  the  incorrect  one  of  the  alternatives  is  chosen, 
the  corresponding  image  will  tell  the  learner  of  his 
error,  provide  information  designed  to  correct  the 
particular  error,  and  direct  him  to  return  to  the 
image  at  which  he  made  his  mistake  and  try  again,” 
(Stolurow,  1961,  p.5l) 

Another  method  of  presenting  material  similar  to  the 
way  in  which  it  is  presented  by  the  i-mtotutor  is  to  use  a 
printed  device  known  as  a  scrambled  text,  Variations  oi 
this  form  of  presentation  are  also  available  --  for 
example,  the  punchboard,  the  programmed  text,  the  cut-back 
page  booklet  and  the  tab- type  page.  In  all  cases  inlorm- 
ation  is  given  and  a  multiple-choice  type  nuestion  asked • 
The  pupil  makes  a  choice  among  the  options  available. 
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If  he  is  correct,  he  is  allowed  to  go  on;  if  he  is  in  error 
he  is  referred  to  additional  material  and  then  allowed  to 
proceed  to  the  main  stream  of  frames  either  by  returning 
to  the  point  at  which  he  made  the  error  or  by  following 
through  some  branch.  This  makes  some  adjustment  to 
individual  differences  possible  and  requires  less  work  on 
the  part  of  the  teacher  in  the  selection  of  materials. 

b0  Adaptive  Machines:  Adaptive  machines  are  also 
found  in  two  basic  forms.  The  first  is  a  modification  of 
an  IBM  computer  used  by  Aath,  Anderson  and  Brainerd  (1959) 
to  teach  binary  arithmetic.  It  allows  for  changes  in 
teaching  method  without  the  building  of  a  whole  new  machine. 
The  pupil  views  the  problem  and  proceeds  to  enter  his 
response  on  a  keyboard.  The  computer  is  able  to  check  each 
step  in  the  solution  immediately.  If  an  error  is  made  in 
any  step  the  machine  stops  the  pupil  immediately  so  that  a 
line  of  error  is  discontinued.  If  the  learner  is  able  to 
construct  the  correct  answer,  new  material  is  presented; 
if  he  makes  an  error  response,  the  machine  can  so  adjust 
the  program  that  weaknesses  in  knowledge  can  be  corrected. 
The  advantage  of  this  type  of  machine  is,  of  course,  that 
it  can  present  the  learner  with  problems  at  a  suitable 
difficulty  level. 

A  second  type  of  adaptive  machine,  and  the  most  com¬ 
plicated  one,  is  the  one  produced  by  Pask  (1958).  This 
machine  is  under  organic  control  —  that  is,  the  teaching 
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machine  is  so  designed  that  it  seeks  a  compromise  with  the 
learner.  The  computer  type  of  machine  discussed  previous¬ 
ly  tends  to  impose  a  rather  rigid  behavior  pattern  on  the 
student,  but  in  the  case  of  the  Pask  machine,  the  machine 
itself  does  the  learning.  It  provides  a  stimulus;  the 
pupil  responds  to  this  stimulus;  the  machine  then  adjusts 
the  program  to  fit  the  needs  of  this  particular  pupil.  In 
other  words,  the  machine  has  the  job  of  discovering  the 
strategy  which  the  pupil  uses  in  solving  a  set  of  problems 
and  then  of  programming  information  in  such  a  way  that  the 
best  possible  progress  can  be  made  by  the  pupil.  This 
system  is  often  described  as  a  game  analogy. 

The  Learner 

Learner  Variables  Most  of  the  research  on  programmed 
instruction  has  been  focused  specifically  on  the  program 
or  on  the  learner  rather  than  to  possible  interaction 
effects  between  variables  related  to  both.  Lome  effort  is 
necessary  to  locate  possible  sources  of  interaction  and  to 
isolate  some  of  the  effects  thus  obtained.  For  example, 
there  may  be  an  interaction  between  and  the  type  of 
program  used  or  between  time  taken  to  complete  a  program 
and  its  effect  on  scores  when  various  types  of  programs 
are  used.  Many  such  relationships  undoubtedly  exist  and 
should  be  investigated.  In  the  following  discussion, 
intelligence,  motivation,  memory  span  and  age  will  be 
discussed  as  learner  variables  whicn  may  aiiect  periorm^  nce0 
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A  number  of  research  studies  have  made  much  of  the 
apparent  lack  of  correlation  between  ability  test  scores 
and  gain  scores  in  subject  areas  where  programmed  instruct¬ 
ion  has  been  used.  That  is  to  say,  it  appears  that  intel¬ 
ligence  quotients  may  be  fairly  good  indicators  of  final 
level  of  achievement,  but  correlations  tend  to  be  much 
lower  between  intelligence  scores  and  gain  scores,  often 
approaching  negative  values,  Huch  results  have  often  led 
to  the  conclusion  that  duller  pupils  benefit  more  from 
programmed  instruction  than  do  brighter  ones,  lor  example, 
Porter  (1959)  found  that  in  his  experimental  group  of  6th 
graders  there  was  a  negative  correlation  between  IQ  and 
achievement . 

Little  (1934)  used  teaching  machines  to  provide  drill 
in  educational  psychology  to  college  freshmen.  His  findings 
tended  to  indicate  that  slower  students  benefitted  more 
from  programmed  instruction.  He  divided  his  classes  into 
quartiles  and  matched  two  groups  -  a  drill  group  and  a  con¬ 
trol  group.  On  the  final  test  he  noted  that  the  lowest 
quartile  of  the  drill  group  averaged  19  points  higher  in 
their  scores  than  did  the  control  group*  The  uoper  quartile 
only  scored  5  points  higher  than  the  control  group,  also 

found  that  the  lowest  quartile  of  the  drill  group  was  7 
points  above  the  median  for  the  control  group0 

The  studies  mentioned  appear  to  support  two  possible 
hypotheses  -  namely,  that  there  may  be  a  relationship 
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between  the  type  of  programming  and  the  ability  of  the 
pupil  and  that  instruction  by  means  of  the  teaching  machine 
may  result  in  greater  homogeneity  among  the  members  of  a 
class.  A  study  by  Briggs  (1949)  tends  to  support  this  line 
of  thought.  Ee  found  that  when  he  used  the  punchboard 
device  more  pupils  received  AT  s  and  B's  than  before.  The 
same  trend  was  found  in  studies  by  Pressey  (1958)  and 
Jensen  (1949).  Whether  this  reduction  in  heterogeneity 
is  due  to  more  efficient  teaching  or  to  changes  in  motiv¬ 
ation  is  not  known.  Individual  differences  in  rate  of 
learning  may  be  due  to  a  host  of  different  variables  and  to 
interaction  among  these  variables. 

Motivation,  or  readiness  to  respond,  is  another 
important  variable  which  may  affect  learning.  It  is  also 
one  of  the  most  difficult  to  control  experimentally.  Many 
studies  show  remarkable  increases  in  learning  when  program¬ 
med  instruction  is  used;  but  they  seldom  control  adequately 
for  the  increased  motivation  which  accrues  because  of  the 
presence  of  the  hardware.  Extensive  long-term  studies  have 
not  as  yet  been  carried  out  to  determine  whether  this  added 
motivation  is  due  to  novelty  or  perhaps  because  of  the 
intrinsic  effect  of  machine  upon  the  learner  —  an  effect 
different  from  that  produced  by  a  teacher  or  text  book. 
Porter  (1958)  investigated  the  effects  of  year-long  spell¬ 
ing  instruction.  He  used  Skinner-type  machines  to  give 
instruction  in  spelling.  He  found  that  there  was  no 
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relationship  between  achievement  and  the  number  of  lessons 
given  and  concluded  that  motivation  does  not  decrease  as 
time  passes  but  that  the  number  of  tries  does  decrease* 

He  noted  too,  that  better  pupils  responded  at  a  much  faster 
rate,  perhaps  because  of  the  release  from  regular  class¬ 
room  routines.  Barlow  (i960)  suggests  a  further  possibility 
and  that  is  that  progress  will  depend  on  how  the  pupil  views 
the  machine.  Bor  optimal  effort  he  must  see  the  machine  as 
a  self-teaching  device  and  be  prepared  to  take  responsibility 
for  his  own  instruction.  This  in  itself  may  change  his 
whole  attitude  toward  learning  and  may  account  for  some  of 
the  disparity  between  his  present  achievement  and  previous 
records.  These  previous  records,  even  in  the  form  of 
scores  on  standardized  tests,  may  in  effect  have  been  scores 
indicating  a  present  level  of  function  rather  than  maximum 
capacity. 

A  further  problem,  not  yet  investigated,  is  one  of 
finding  optimum  levels  of  motivation.  Taylor  and  Spence 
(1952)  have  discovered  an  interaction  effect  which  suggests 
that  increased  level. s  of  motivation  may  be  useful  only  for 
the  learning  of  simple  tasks  but  may  very  well  hinder  the 
learning  of  more  complex  processes.  This  woulu  also  support 
the  theories  of  Berlyne  (i960)  regarding  optimal  arousal 
level.  If  substantiated,  this  finding  would  be  relevant  to 
teaching  machines  in  that  it  would  suggest  that  machines 
should  be  so  constructed  that  they  could  change  pace  and 
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difficulty  level  to  suit  the  needs  of  the  pupil.  Machines 
should  also  be  constructed  so  that  some  rivalry,  preferably 
against  the  pupil's  own  record,  could  take  place.  The 
result  would  be  some  level  of  ego-involvement  and  probably 
fewer  errors. 

Hate  of  learning  may  also  be  related  to  memory  span 
and  age.  It  may  be  that  how  well  a  pupil  is  able  to  learn 
a  particular  concept  or  specific  body  of  knowledge  depends 
upon  his  ability  to  recall  past  experiences  related  to  the 
new  learning.  At  earlier  ages  recognition  memory  wi  11  be 
of  greater  importance  in  programming.  As  the  pupil  gets 
older  he  will  be  able  to  remember  items  in  either  recall 
or  constructed  form.  Furthermore,  as  Aoodrow  (1938) 
suggests,  aivergence  in  achievement  tends  to  increase  with 
practice  under  some  conditions  of  subject  matter  and 
depending  on  past  experience  the  amount  of  new  information 
can  be  adjusted  to  be  compatible  with  the  known  span  for  a 
particular  type  of  material  at  a  given  age. 

In  spite  of  what  has  been  said  of  the  poor  correlation 
between  intelligence  test  scores  and  gain  scores,  it 
remains  obvious  that  intelligence  is  a  factor  in  the  rate 
of  learning.  In  programming  for  instance,  it  is  important 
that  we  find  the  relationship  between  retention  and 
intelligence  so  that  reviews  can  be  properly  placed  in 
the  series  of  frames  either  as  a  part  of  a  linear  sequence 
or  by  the  use  of  branches.  This  will  help  to  take  care  of 
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individual  differences  in  retention  without  the  writing  of 
programs  for  each  individual,  A  further  consideration  is 
the  problem  of  amount  of  reward  and  its  relation  to 
intelligence,  Abel  (1986)  found  that  reward  for  improve¬ 
ment  appeared  to  benefit  the  high-intelligence  group  most. 

He  does  not,  however,  take  the  type  of  reward  into  account, 
and  this  remains  to  be  investigated, 

A  final  note  about  gain  scores  may  be  appropriate  here. 
The  negative  correlations  found  between  intelligence  and 
gain  scores  may  be  a  form  of  statistical  artifact,  Since 
bright  pupils  usually  know  a  good  deal  of  the  material  in 
any  subject  area,  it  is  difficult  for  them  to  make  sub¬ 
stantial  gains.  This  is  especially  true  where  the  criterion 
test  does  not  have  enough  "top"  to  discriminate  among 
brighter  pupils.  Slower  pupils,  especially  underachievers, 
can,  with  the  added  motivation,  increase  their  scores  con¬ 
siderably,  This  may  give  rise  to  negative  correlations 
which  must  therefore  be  carefully  studied  to  avoid 
erroneous  interpretations.  In  addition,  it  may  be  necessary 
to  develop  some  new  method  of  interpreting  gain  scores. 

Programming  and  Special  G-roups  of  Learners  .-hen  we 
examine  learner  variables,  it  is  important  that  the 
research  literature  concerning  the  use  of  teaching  machines 
and  special  groups  of  learners  be  reviewed.  This  will  also 
involve  a  comparison  of  programmed  instruction  and  con¬ 
ventional  instruction. 
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Studies  carried  out  with  normal  children  have  all 
been  in  agreement  that  programmed  instruction  can  result 
in  excellent  learning  and  a  saving  of  time.  Osier  (1960) 
used  children  aged  6  to  14  to  teach  concepts*  She  obtain¬ 
ed  a  mean  trial  time  of  15  minutes  for  150  trials.  Manual 
methods  had  been  used  previously  and  had  required  an 
average  time  of  65  minutes.  Such  a  device  could  be  used 
to  teach  reading  readiness.  In  this  case  it  would  be 
necessary,  however,  to  do  further  research  because  it 
would  require  that  use  be  made  of  the  pupil’s  present 
repertoire.  It  would  then  be  possible  to  bring  the 
appropriate  verbal  response  under  the  control  of  non-verbal 
stimuli*  Number  concepts  have  been  taught  in  a  similar  way* 
Alter,  Nigen  and  King  (1961)  aimed  to  measure  the  efficiency 
of  a  preverbal  program  and  "confirmation”  and  "confirmation 
and  trinkets"  reinforcement  conditions  with  preliterate 
young  children*  The  post-test  indicated  that  the  number 
of  errors  remained  constant  and  there  was  a  significant 
gain  in  learning  which  the  authors  rightly  attribute  to 
the  fact  that  much  of  what  was  learned  may  have  been  in 
the  form  of  learning  to  use  the  machine,  much  misleading 
results  could  be  avoided  by  giving  children  practice  with 

the  machine  ahead  of  time. 

Programming  for  Special  idub.ject  nreas  The  use  of 
teaching  machines  in  teaching  spelling  has  been  attempted 
in  several  studies.  Perhaps  the  best  controlled  of  these 
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is  that  done  by  Porter  (1959)*  second  and  sixth  graders 
used  okinner-type  machines  to  take  instruction  in  spelling. 
A  control  group  was  given  spelling  instruction  in  the 
usual  way  while  the  exper iment al  group  used  machines  for 
22  of  the  34  weeks  during  which  the  course  was  given.  In 
both  grades  the  experimental  group  achieved  significantly 
higher  on  standardized  tests  and  used  much  less  time  to 
learn  the  material.  It  is  to  be  noted,  however,  that  what 
is  attributed  here  to  the  teaching  machine  may,  in  fact, 
be  the  result  of  programming.  If  the  regular  instructor 
used  the  techniques  employed  by  the  programmer,  the  results 
might  have  been  different.  It  will  be  necessary  to 
isolate  the  factors  that  contribute  to  better  learning  in 
a  specific  area  such  as  spelling. 

In  a  1960  study  Meyer  reported  an  experiment  using 
programmed  textbooks  to  teach  Latin  and  G-reek  elements 
which  have  come  into  Lnglish  as  roots  and  prefixes.  The 
experimental  groups  were  chosen  from  superior  grade  eight 
readers.  One  group  used  programmed  textbooks  which  had  no 
answers  in  them  but  were  corrected  by  the  experimenter  and 
returned  later.  A  second  group  scored  their  own  answers 
by  putting  X's  on  the  incorrect  ones,  thus  receiving 
immediate  knowledge  of  results.  This  same  procedure  was 
used  by  an  honors  group.  A  fourth  group  marked  the  errors 
and  also  the  pages  on  which  they  occurred  so  that  they 
could  return  later  to  review  this  material.  All  groups, 
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with  the  exception  of  the  honors  group,  were  selected  by 
means  of  a  pre-test.  The  medians  and  ranges  of  the  three 
groups  on  the  test  are  reported  as  being  approximately 
equal.  The  error  score  was  significantly  higher  for  those 
whose  books  were  marked  by  the  experimenter.  Kennedy 
(1961)  points  out  that  this  may  be  because  those  who  scored 
their  own  work  probably  gained  from  the  immediate  knowledge 
of  results  or  perhaps  just  from  knowledge  of  results, 
whereas  those  whose  books  were  scored  by  the  experimenter 
may  not  have  bothered  to  correct  their  errors.  In  any 
case  the  programmed  textbook  forces  the  student  to  know  his 
results  and  is  therefore  a  valuable  form  of  instruction. 
G-oing  back  to  review  did  not  seem  to  be  an  improvement  over 
just  marking  the  errors.  It  was  noted,  however,  that 
learning  of  material,  correlated  well  with  error  score  and 
that  keeping  errors  down  may  be  important. 

Gome  evidence  is  available  on  studies  with  groups  of 
exceptional  children.  Kalin  (1961)  investigated  the 
ability  of  superior  pupils  to  learn  advanced  mathematics 
by  means  of  programmed  instruction.  The  subject  matter  was 
presented  in  a  programmed  text  dealing  with  equations  and 
inequalities  and  was  given  to  ninety-five  5th  and  6th 
graders  whose  IQ.  scores  were  all  considered  to  be  above 
115.  The  pupils  were  randomly  assigned  to  10  groups,  five 
of  which  acted  as  controls  and  five  as  experimental  groups. 
Experimental  subjects  read  the  programmed  text  at  their 
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cv/p  rate ,  without  assistance,.  Control  subjects  were 
taught  by  regular  teachers  who  had  been  prepared  by  means 
of  conferences  and  a  study  of  the  program.  The  study  was 
evaluated  by  means  of  a  44-item  criterion  test.  Diff¬ 
erences  in  test  score  between  paired  experimental  and  con¬ 
trol  were  not  statistically  significant ,  A  twenty  per  cent 
time  saving  for  experimental  groups  was  noted.  Means  for 
these  5th  and  6th  graders  ranged  from  26 0 2  to  30 0 8  compared 
with  a  9th  grade  algebra  class  mean  of  35.0o  This  latter 
result  probably  indicates  that  younger,  bright  chi3.dren 
can  be  taught  more  advanced  work,  but,  then,  they  can  be 
taught  almost  anything,  and  one  assumes  that  the  grade  9 
algebra  class  with  which  they  are  here  compared  was  an 
average  class.  A  study  could  be  performed  on  duller  pupils 
to  see  if  they  too  can  learn  material  which  is  considered 
to  be  too  difficult  for  them. 

As  early  as  1915  Ordahl  and  Ordahl  had  seen  the 
possibilities  of  using  machines  to  teach  retarded  children. 
Contrary  to  other  findings,  discussed  elsewhere  in  this  re¬ 
view,  these  authors  found  a  positive  correlation  between 
gain  and  MA.  Stolurow  (1961)  points  out  that  this  may  be 
due  to  the  heavy  demand  made  upon  the  memory  of  these  sub¬ 
jects,  Perhaps  there  is  a  limited  general  level  of 
ability  which  is  needed  and  beyond  this  level  memory  is  no 
longer  revealed  statistically  as  a  factor  in  learning. 
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Evidence  on  the  effectiveness  of  instruction  by  machine 
of  retarded  children  is  largely  lacking,  perhaps  because 
of  the  difficulty  of  programming  for  such  a  group. 

Other  special  groups  of  subjects  have  been  submitted 
to  automated  instruction.  Falconer  (1959)  attempted  to 
teach  deaf  children  by  machine.  His  first  studies  were  de¬ 
signed  to  teach  word-recognition  to  young  children.  He 
programmed  15  nouns  with  5-choice  problems.  Each  of  the 
nouns  was  combined  with  a  picture  and  6  different  frames 
were  prepared.  The  picture  presented  was  the  cue  and  the 
child  was  to  match  the  cue  to  the  word  in  the  word  list  that 
was  presented  with  the  picture.  Falconer  used  8  deaf  child¬ 
ren  in  a  beginning  primary  class.  They  used  the  machines 
for  5  minutes  a  day  for  10  days.  A  15-item  pencil  and  paper 
test  was  administered  both  before  and  after  the  students 
took  the  machine  instruction.  The  test  results  indicated 
that  the  children  had  learned  approximately  14  words.  This 
knowledge  did  not  deteriorate  with  time  as  a  retention  test 
given  two  weeks  later  showed,  oince  no  control  group  was 
used,  however,  it  is  difficult  to  make  any  comparison  with 
conventional  instruction. 

Evidence  on  the  effectiveness  of  machine  instruction 
is  rapidly  accumulating  in  the  field  of  adulu  education. 

The  number  of  subject  areas  in  which  programs  are  now 
available  to  the  public  is  great.  Perhaps  the  most  out¬ 
standing  work  of  all  in  this  field  is  that  oi  Holland 


, 


. 

“ 

. 

. 

, 

. 

- 

• 

, 

* 

{  (■ 

. 

V.  * 

. 

, 


24 


(1959  a  and  b)  at  Harvard,  The  program  was  in  the  form  of 
a  programmed  text  based  on  Skinner’s  (1953)  "Science  and 
Human  behavior".  The  course  w as  run  for  two  years,  being 
revised  at  the  end  of  the  first  year  on  the  basis  of  the 
weaknesses  indicated  in  the  course  during  the  first  present¬ 
ation,  During  the  first  year  187  students  took  the  course 
and  during  the  second  year  146  took  it.  These  students 
were  a  mixed  group  consisting  of  sophomores,  juniors, 
seniors,  a  few  freshmen  and  some  graduate  students.  The 
program  was  presented  on  disks  in  the  Skinner  disk  machine. 
Hach  disk  contained  29  frames.  There  were  48  such  disks  in 
the  program  the  first  year  and  this  was  extended  to  60 
disks  in  the  second  year  in  order  to  make  the  steps 
smaller,  thus  reducing  the  error  rate.  The  median  time 
taken  to  complete  the  course  the  first  year  was  14.5  hours 
and  the  second  year  18,5  hours.  It  is  of  interest  to  note 
the  range  of  time  taken  to  complete  the  program.  One 
student  was  able  to  complete  the  whole  cycle  oi  disks  in 
7  hours  and  42  minutes  while  another  took  26  hours  and  20 
minutes,  otolurow  (1961)  points  out  that  this  may  indicate 
the  presence  of  a  great  number  of  interacting  vaiiables 
difficult  to  control  in  a  semester-long  experiment. 

Though  many  studies  now  report  success  in  adult  in¬ 
struction  by  machine,  there  remains  a  good  deal  to  be  done 
in  the  iaentif icat ion  of  variables  which  affect  the  ability 
of  adults  to  learn  in  a  wide  variety  oi  subject  aredb. 
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These  variables  can  best  be  interpreted  in  terms  of  the 
programs  we  prepare  and  it  is  to  the  evidence  on  program 
preparation  that  we  now  turn. 

The  Program 

rationale  and  Underlying  Psychological  Theory  Parly 
teaching  devices,  such  as  the  ones  used  by  Pressey,  were 
really  based  on  the  theories  of  remembering  and  forgetting 
so  prominent  in  the  writings  of  behavioristic  theorists  of 
the  1920’s.  It  was  not  until  further  study  and  research 
had  broadened  the  scope  of  learning  theory  that  it  was 
realized  that  appropriate  apparatus  was  needed  to arrange 
for  appropriate  contingencies  of  reinforcement  and  a  way 
of  presenting  a  sequence  of  logical  steps,  Pome  means  of 
comparing  response  given  to  response  required  was  also  need' 
ed  if  learning  was  to  be  more  than  a  memory-drum  type  of 
activity.  These  were  not  the  only  factors  which  early 
experimenters  had  to  take  into  account.  Psychologists  who 
had  come  under  the  influence  of  a  number  of  schools  of 
thought  had  by  this  time  adduced  a  number  of  principles 
important  to  anyone  attempting  to  develop  a  technology  of 
instruction.  F or  example ,  the  P-n  theorists  emphasized 
punil  activity,  the  laws  of  frequency  and  effect,  the  wP-ce 
of  practice  to  insure  ability  to  generalize  and  discrim¬ 
inate  and  the  place  of  conflicts  and  drive  as  a  factor  in 
human  learning.  The  cognitive  theorists,  on  the  ot  \ei 
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understanding,  feedback  factors,  goal  setting  and  the 
arousal  and  reduction  of  cognitive  dissonance „  Finally, 
the  personality  theorists  also  contributed  to  our  know¬ 
ledge  of  the  learner.  They  stressed  individual  differences 
as  a  result  of  physiological  and  social  development,  the 
problems  of  anxiety,  motivation  and  group  atmosphere,  A ny 
attempt  to  improve  instruction  must  be  based  on  some  under¬ 
standing  of  these  principles. 

Learning  or  the  conditioning  process  may  be  defined  as 
the  acquisition  of  new  responses  or  the  strengthening  of 
some  response  already  in  the  subject's  repertoire. 

,fWe  refer  to  the  process  of  strengthening  as 
cond i tioning  and  to  its  means  of  accomplishment  as 
reinforcement” .  (Green,  1962,  p.40)  Reinforcement,  in  turn, 
is  the  result  of  a  physical  event  acting  upon  an  organism 
resulting  in  some  change  in  its  behavioral  pattern.  The 
Skinnerian  theories  of  conditioning  are  based  on  this 
modified  law  of  effect  and  will  be  presented  briefly  here. 

Skinner  defines  two  general  classes  of  behavior  - 
respondent  and  operant.  There  is  considerable  disagreement 
as  to  whether  or  not  these  forms  of  behavior  actually  differ 
or  whether  they  are  on  a  continuum,  but  both  forms  01  be¬ 
havior  may  be  conditioned  by  reinforcement.  In  respondent 
conditioning  a  neutral  stimulus  is  presented  simultaneous¬ 
ly  with  an  unconditioned  stimulus  which  is  one  that  has  a 
high  probability  of  eliciting  a  response. 
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response  occurs  in  the  presence  of  a  reinforcing  stim¬ 
ulus,  the  neutral  stimulus  also  becomes  attached  to  the 
response  by  response  generalizat ion .  The  neutral  stim¬ 
ulus  is  now  said  to  be  conditioned,  but  it  is  subject  to 
extinction  by  elicitation  and  must  be  reinforced  further 
by  presentation  in  close  temporal  contiguity  with  the  un¬ 
conditioned  stimulus  which  elicits  the  desired  response* 
This  is  known  as  respondent  conditioning  and  has  its 
historial  basis  in  the  work  of  Pavlov, 

The  process  used  in  operant  conditioning  differs  con¬ 
siderably  from  that  used  in  respondent  conditioning*  The 
organism1  s  behavior  is  observed  and  when  the  desired  form, 
of  behavior  occurs  it  is  reinforced  immediately.  This  is 
the  form  of  conditioning  used  when  animals  are  taught  to 
respond  in  a  manner  pr e-determined  by  the  experimenter, 

For  example,  a  hungry  rat  may  move  about  randomly  in  a  cage* 
Eventually  it  comes  in  contact  with  a  lever  which  releases 
a  good  pellet.  The  rat  eats  the  pellet  and  an  increase  in 
bar-pressing  behavior  is  observed. 

It  is  not  always  possible  to  categorize  behavior  as 
being  either  purely  respondent  or  purely  operant.  Green 
(1962)  observes,  however,  that  respondent  behavior  can 
usually  be  described  as  involving  Pavlovian  or  classical 
conditioning  and  is  closely  related  to  emotional  behavior, 
whereas  operant  behavior  is  more  important  when  learning 
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involves  instrumental  conditioning,  trial  and  error  learn¬ 
ing,  verbal  conditioning,  motor  learning,  problem  solving 
and  concept  formation.  This  may  be,  to  some  extent,  an 
oversimplification  but  it  appears  to  be  useful  in  a  study 
of  programmed  instruction  which  Skinner  claims  is  a  matter 
of  operant  conditioning. 

Strengthening  any  kind  of  behavior  depends  upon  rein¬ 
forcement  o  Such  reinforcement  may  be  described  as  primary, 
secondary  or  generalized.  Primary  reinforcement  involves 
a  state  of  affairs  that  reinforces  without  need  of  prior 
training.  Secondary  reinforcement  derives  its  effectiveness 
from  a  previous  process  or  learning  event.  Generalized  re¬ 
inforcement  comes  about  through  the  association  of  stimuli 
in  the  presence  of  reinforcement.  That  is  a  neutral 
stimulus  is  associated  with  several  primary  reinforcers 
under  a  wide  range  of  deprivation  conditions  at  different 
times.  Thus  a  broadly  based  secondary  reinforcer  becomes  a 
generalized  reinforcer. 

A  further  distinction  which  must  be  made  regarding  re¬ 
inforcement  is  to  state  whether  they  are  negative  or 

> 

positive.  Behavior  can  be  strengthened  by  the  presentation 
of  a  stimulus,  as  when  a  hungry  rat  is  given  food;  or  by 
the  removal  of  a  stimulus  as  when  the  rat  terminates  shock 
by  pressing  a  lever.  Negative  reinforcement  is  therefore 
a  matter  of  "escape"  or  "avoidance"  conditioning.  Avoid¬ 
ance  involves  the  use  of  primary  negative  reiniorcers  and 
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escape  involves  the  use  of  secondary  negative  reinforcers. 

I’he  apparent  distinction  between  negative  and  positive  re¬ 
inforcement  seems  to  be  that  the  former  is  aversive  to  the 
organism  while  the  latter  is  pleasurable.  Unfortunate 
hedonistic  tones  can  be  heard  in  the  latter  part  of  this  state¬ 
ment,  however,  and  these  must  be  ignored. 

Skinner  (1954,  1957)  has  based  his  theories  of  pro¬ 
gramming  instruction  on  the  basis  of  operant  conditioning. 

He  states  that  machines  -  especially  Skinner-type  machines  - 
operate  on  the  principle  of  developing  behavior  by  rein¬ 
forcement  of  successive  approximations.  This  is  not  the 
same  as  rote  learning  by  means  of  a  memory  drum  because  the 
pupil  never  gets  the  same  stimulus  twice,  but  in  programmed 
instruction  he  is  actually  forced  to  think  out  the  answer. 

By  the  use  of  reinforcement  the  experimenter  can  shape  up  a 
desired  pattern  of  behavior  and  by  making  use  of  appropriate 
schedules  of  reinforcement  he  can  keep  this  desired  behavior 
at  strength,  the  only  limitation  being  possible  physical 
exhaustion  on  the  part  of  the  subject, 

"Many  of  these  effects  would  be  traditionally  assigned 
to  the  field  of  motivation,  although  the  principal 
operation  is  simply  the  arrangement  of  contingencies 
of  reinforcement."  (Skinner,  1954,  p.87) 

These  contingencies  of  behavior  may  be  useful  not  only  in 

simple  factual  learning  but  may  even  be  used  to  produce 

complex  social  behavior.  Such  a  program,  however,  must  be 

carefully  designed  to  include  changing  contingencies  to 

meet  the  needs  of  the  learner. 


Thus  a  particular  type  of 
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behavior  may  be  produced  by  presenting  a  sequence  of  events 
or  stimuli  which  will  produce  an  action,  ucr  a -very  complex 
sequences  of  schedules  may  be  constructed  which  will  pro¬ 
duce  extended  behavior  pat  terns 0  For  example  a  pi/  eon  may 
be  presented  with  stimulus  pattern  A  and  rewarded  by 
presenting  stimulus  pattern  B0  This  may  lead  to  a  perform¬ 
ance  producing  stimulus  patterns  appropriate  to  schedule  G 
and  so  on. 

Bkinner  suggests  that,  though  experimental  evidence 
has  been  adduced  by  means  of  animal  experiments,  many  of 
the  experimental  results  can  be  applied  to  improving  class¬ 
room  instruction  He  concludes  that  teaching  machines  and 
programmed  instruction  are  able  to  obviate  some  of  the 
shortcomings  evident  -in  our  modern  education  system  — 
namely,  the  use  of  aversive  stimulation  to  control  learning, 
infrequency  of  reinforcement  and  lack  of  skillful  program¬ 
ming*  As  a  result  of  these  shortcomings  in  current 
educational  practice,  subjects  are  not  learned  quickly  or 
wello  Programmed  instruction,  however,  makes  reinforcement 
contingent  on  the  desired  behavior  and  controls  the  learning 
process  step  by  step  acting  at  once  as  guide  and  motivator 
to  further  action.  Explicitly,  how  does  this  process  work? 

First  sources  of  reinforcement  must  be  tapped.  The 
major  sources  of  reinforcement  in  a  school  situation  are 
found  in  the  subject  matter  itself.  Failing  this,  other 
reinforcers  must  be  developed,  as,  for  example,  the  use  o± 
competition  or  generalized  reinforcers  often  referred  to 
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as  extrinsic  motivators, 

Secondly,  these  reinforcers  lust  be  made  contingent 
upon  the  desired  behavior.  Complex  behavior  consists  of 
very  small  steps,  each  of  which  must  be  reinforced  when  it 
occurs  in  the  correct  place  in  the  sequence  and  each  of 
which  must  be  maintained  at  strength  once  established. 
Skinner  points  out  that  since  we  know  little  of  how  sched¬ 
ules  of  reinforcement  operate  in  human  behavior,  it  is 
probably  safest  to  provide  for  small  ,  easy  steps  and  for 
continuous  reinforcement.  Since  the  human  experimenter 
through  personal  mediation  cannot  effectively  create  the 
best  schedule,  a  machine  or  device  is  necessary  to  perform 
this  function.  "The  simple  fact  is  that,  as  a  mare  rein¬ 
forcing  mechanism,  the  teacher  is  out  of  date."  Providing 
adequate  reinforcement  is,  however,  simply  accomplished  by 
use  of  a  machine  or  electric  device.  Such  a  device  also 
makes  it  possible  to  present  a  very  logicad.  sequence  of 
events,  the  learning  of  one  dependent  on  having  learned  a 
preceding  one.  Should  such  reinforcement  prove  to  be  in¬ 
adequate,  supplementary  sources  can  be  added  in  the  form 
of  external  rewards  or  competition,  which  will  not 
detract  from  reinforcement  already  present  in  the  program. 
The  problem  which  arise sout  of  this  argument  and 
about  which  Skinner  must  be  questioned  seriously  is  that 
of  scope.  Can  programmed  instruction  really  produce  a 
variety  of  behavior  such  as  we  desire  in  our  pupils,  or 
will  such  instruction  lead  to  a  reduction  in  creativity 
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and  divergent  thinking? 

When  creativity  is  discussed  the  problem  of  transfer 
naturally  arises.  Kendler  (1959)  points  out  that  in  this 
regard  mediation  must  be  taken  into  account,  A  study  of 
transfer  is  needed  to  determine  how  simple  verbal  responses 
can  develop  into  abstract  ones  and  how  different  responses 
are  re-combined  to  produce  novel  behavior.  Novelty  and 
mediational  processes  may  very  well  be  related,  and  word- 
association  originality  may  facilitate  problem  solution. 

The  problem  with  programmed  instruction  may  lie  in  the 
fact  that  we  reduce  variability  and  thereby  increase  con¬ 
creteness.  This  may  reduce  the  possibility  of  association 
and  thus  the  likelihood  of  creative  thinking.  Nevertheless, 
once  these  factors  have  been  submitted  to  research,  it 
appears  likely  that  programs  could  be  written  to  provide 
for  them. 

A  second  problem  arises  out  of  the  preceding  dis¬ 
cussion:  that  is,  the  Skinnerian  concept  of  the  learning 
paradigm.  Skinner  has  based  his  thinking  on  the  paradigm 
of  free  operant  conditioning  and  this  appears  to  be  too 
narrow  a  concept 0  If,  as  Seaman  (1959)  suggests,  this  is 
too  narrow  a  paradigm  to  include  the  wide  variety  of  lean  ¬ 
ing  activities  engaged  in  by  humans,  it  follows  also  that 
the  Skinnerian  type  program  will  JSUD&ifc  be  adequate.  It  is 
impossible  to  present  a  paradigm  which  will  be  sufficiently 
inclusive,  but  any  limitations  which  this  may  place  upon 
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programmed  instruction  are  only  temporary,  Since  program¬ 
med  instruction  has  been  successful  in  those  areas  in  which 
it  has  been  used,  it  is  likely  that  the  only  limitations 
which  need  to  be  considered  are  the  limitations  of  the 
programmer. 

x-'rocedurel  variables  The  teaching  machine  program, 
is  the  basic  factor  in  instruction.  Essentially,  modern  in¬ 
vestigators  have  subscribed  to  the  Socratic  method  in  con¬ 
struction  of  programs  and  have  tended  to  follow  the 
Cartesian  method  of  ordering  learning  events.  The  method 
is  therefore  one  of  arranging  questions  and  eliciting 
answers  in  some  prescribed  order.  The  content  of  the  learn¬ 
ing  task  is  analyzed  first  and  then  the  pupil  proceeds  from 
simple  to  complex  items  until  he  has  grasped  an  understand¬ 
ing  of  the  concept  which  he  is  studying.  Unfortunately,  the 
modern  programmer  has  little  research  evidence  available 
which  makes  it  impossible  for  him  to  follow  some  logical 
set  of  rules  in  ordering  the  frames  of  the  program  so  that 
he  will  ensure  maximum  progress  as  the  student  moves  from 
the  simple  to  the  complex.  Principles  of  programming  are 
now  in  the  embryo  stage  and  an  interim  approach  to  program¬ 
ming  is  necessary  in  order  to  carry  forward  initial  research. 
Such  an  initial  set  of  rules  is  probably  best  generated 
from  an  examination  of  present  learning  theory.  That  is, 
it  should  be  possible  to  produce  some  guide  to  programming 
which  will  make  use  of  research  evidence  collected  in  other 
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areas  of  psychological  researcho  A  brief  analysis  of  this 
research  and  of  its  implications  for  programmed  instruct¬ 
ion  follows. 

Types  of  Programs  -  At  present  there  are  two  basic 
types  of  Programs:  the  linear  type  and  the  intrinsic  or 
"branching"  program.  'The  linear  program  is  the  type  de¬ 
veloped  by  Jkinner  and  is  composed  of  small  steps  leading 
logically  through  a  body  of  subject  matter.  The  increments 
of  information  from  frame  to  frame  are  small  and  it  is 
expected  that  as  a  result  the  error  rate  will  be  small. 
Learning  takes  place  when  behavior  is  conditioned  to  the 
elements  within  a  frame.  The  amount  of  redundancy  in  the 
program  determines  the  error  rate  and  the  degree  of  rein¬ 
forcement  is  dependent  upon  the  error  rate,  G-reen  (1962) 
has  given  an  operational  definition  of  reinforcement  which 
states  that  reinforcement  occurs  when  the  student  learns 
by  answering  an  item  correctly.  With  this  definition  there 
can  be  no  quarrel. 

The  second  basic  type  of  program,  the  intrinsic  pro¬ 
gram,  is  based  on  the  belief  that  the  steps  need  not 
necessarily  be  small  and  that  consequently  the  student  need 
not  always  be  correct.  The  student  is  presented  with  a 
problem  and  with  a  group  of  multiple  choice  solutions  from 
which  he  must  choose.  when  the  student  chooses  an  answer 
he  is  instructed  to  move  to  a  specified  frame.  This  frame 
then  tells  him  whether  his  answer  was  correct  or  incorrect 
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and,  if  incorrect,  it  explains  why.  The  frame  then  nay  in¬ 
struct  the  student  to  return  to  the  original  item  which 
he  had  answered  incorrectly  for  another  trial,  or  it  may 
direct  him  through  a  branch,  for  example,  to  improve  his 
knowledge  of  a  specific  concept.  He  is  then  allowed  to 
proceed  via  the  frame  which  he  originally  missed  or  to  a 
frame  which  continues  the  series.  The  intrinsic  program 
differs  from  the  linear  program  in  two  major  respects: 
First,  the  "intrinsic”  program  uses  a  different  feedbacic 
procedure  and  secondly,  it  makes  use  of  recognition  rather 
than  recall.  The  "branching11  program  has  some  resemblance 
to  a  multiple  choice  test,  but  the  immediate  feedback  de¬ 
vice  prevents  the  student  from  learning  the  wrong  member  of 
a  set  of  answers .  Crowder  has  objected  to  the  linear  pro¬ 
gram  on  the  grounds  that  the  small  step  is  an  insult  to  the 
intelligence  of  the  learner,  it  may  also  be  true  that  there 
is  little  reinforcement  from  learning  small  steps  which  seem 
insignificant  to  the  learner.  Perhaps  there  is  a  need  to 
be  wrong  sometimes  and  perhapsthere  is  some  for  i  o.  general¬ 
ized  reinforcement  which  operates  here  so  that  there  is 
incentive  arising  out  of  accomplishing  something  dmmeui  *,  • 
This  is  a  matter  which  must  take  individual  differences  in 
ability  and  experience  into  account.  Crowder  Cl  >o  ■) 
summarizes  intrinsic  programming  as:  "me  technique  o_ 
using  a  student* s  choice  of  an  answer  to  a  multiple  choice 
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exposed."  A  number  of  adaptations  of  the  method  are 
possible.  These  are  summarized  below.  The  major  feature 
of  this  type  of  programming  is  that  it  makes  possible  feed¬ 
back  control,  which  Crowder  claims  is  superior  to  the  tech¬ 
nique  of  supplying  knowledge  of  results. 

1.  The  simplest  type  of  intrinsic  program  is  the  one 
in  which  each  wrong  answer  refers  the  student  back  to 
the  originad.  choice  page  to  try  again. 

2.  A  second  type  utilizes  a  simple  subsequence.  In 
this  case  the  program  digresses  but  returns  the  pupil 
to  the  frame  at  which  he  made  the  original  error. 

3.  If  the  pupil  is  taken  on  several  detours  for 
review  and  is  then  returned  to  the  main  stream,  a 
wash- back  program  is  being  used. 

4.  A  wash-ahead  program  may  also  be  used.  In  this 
case  a  group  of  easier  subsequences  leads  slower 
learners  to  the  next  major  step. 

5.  The  most  complex  variation  of  intrinsic  programming 
is  referred  to  by  Crowder  as  a  complex  wash-back  pro¬ 
gram.  Here  the  errors  are  weighed  and  the  pupil  is 
returned  to  some  previous  frame,  usually  from  0  to  3 
steps  back  depending  on  the  extent  of  the  error  made. 

Once  the  programmer  has  decided  which  basic  type  of 
program  he  intends  to  use,  he  must  also  decide  on  a  pro¬ 
cedure  to  follow  in  programming.  It  is  here  that  the  pupil 
who  is  to  use  the  program  must  be  consulted.  It  is  the 
student  who  must  work  through;  and, in  the  absence  of  evi¬ 
dence  on  this  point?  it  is  the  problem  of  the  programmer  to 
write  a  program  that  can  be  tested  pragmatically.  A 
number  of  approaches  to  programming  have  been  suggested. 

Only  one  such  approach  will  be  reviewed  here  and  that  is 
one  known  as  the  Huleg  Oystem  developed  by  Avans,  nomme 
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and  Glaser  (i960).  They  suggest  the  construction  of  a  "ru" 
matrix  on  a  horizontal  and  vertical  axis.  This  matrix 
consists  of  all  the  concepts  or  rules  necessary  in  the 
program*  Using  this  matrix  as  a  guide  the  programmer  col¬ 
lects  examples  of  concepts  in  all  their  possible  inter¬ 
relationships  with  one  another*  These  are  ordered  in 
logical  sequence  and  then  the  programmer  proceeds  to  write 
examples  that  will  define  these  concepts.  The  likelihood 
of  transfer  and  the  extent  of  generalization  will  be  de¬ 
termined  by  the  number  and  appropriateness  of  the  examples. 
Discrimination  may  be  aided  by  the  inclusion  of  negative 
examples  of  the  category  being  examined. 

Supplementary  Devices  -  Supplementary  devices  may  be 
used  to  make  the  program  clear  and  to  give  it  concreteness, 
such  devices  may  be  in  the  form  of  a  panel  which  usually 
consists  of  a  graph  or  table  or  some  information  to  which 
the  student  may  refer.  Such  a  device  may  be  considered  a 
prompt  because  it  tends  to  make  the  desired  response  more 
likely.  In  addition, the  programmer  may  use  formal  prompts 
which  are  usually  direct  stimuli  included  to  elicit  a 
specific  response  and  are  in  the  same  form  as  the  response  - 
for  example,  a  textual  prompt  whereby  the  student  sees  a 
word  in  the  presented  material  which  elicits  the  correct 
response.  If  it  is  desired  that  the  student  be  responsible 
for  the  response  to  a  greater  extent?a  thematic  prompt  is 
used  which  is  less  direct  than  the  formal  prompt  and  is 
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usually  considered  to  be  a  hint.  Other  types  of  prompts 
include  sequential  prompts,  the  use  of  models  and  empha¬ 
sizing  of  important  details®  .another  supplementary  guidance 
technique  has  been  developed  by  Holland  (I960)®  This  tech¬ 
nique  is  known  as  "fading"  or  "vanishing"®  It  consists  of 
presenting  a  picture,  chart,  diagram  or  series  of  items 
which  the  pupil  is  expected  to  learn.  The  stimulus  is  pre¬ 
sented  a  number  of  times,  but  each  time  some  of  the  inform¬ 
ation  is  missing  and  the  student  must  supply  it,  Eventually 
he  must  supply  all  of  the  stimulus.  This  type  of  prompting 
is  used  especially  in  the  teaching  of  spelling  and  foreign 
languages. 

Task  factors  -  If  a  body  of  subject  matter  is  to  be 
learned  effectively,  it  is  necessary  to  analyze  that  part¬ 
icular  body  of  material.  To  do  this  the  steps  involved  in 
learning  the  material  must  be  described  or  classified  in 
some  logical  manner.  Cotterman  (1959)  is  working  on  a  model 
for  such  a  classification.  His  classification  is  made  using 
interaction  between  task  characteristic  and  practice 
variable  as  a  differentiating  criterion.  By  this  method  of 
classification  it  is  possible  to  determine  whether  or  not 
a  specific  mode  of  instruction  can  produce  significant 
differences  in  learning  particular  types  of  tasks®  After 
this  has  been  done  the  various  types  of  tasks  can  be 
examined  to  determine  critical  differences  among  them, and 
new  tasks  can  be  classified  accordingly  and  subjected  to 
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treatment  best  suited  to  learning  that  particular  type  of 
task. 

otolurow  (1961)  has  suggested  one  set  of  features  which 
could  prove  useful  in  determining  the  method  by  which  learning 
certain  tasks  might  be  handled  by  the  teaching  machine  pro¬ 
gram.  These  will  be  reviewed  briefly  here. 

h umber  and  sequence  -  it  is  not  yet  clear  which 
sequence  of  programming  is  the  most  effective.  Cook  and 
Kendler  (1956)  have  suggested  that  the  prompting  sequence, 
in  which  the  learner  is  given  a  cue  stimulus  and  a  prompt 
before  he  makes  the  response,  is  superior  to  the  confirm¬ 
ation  sequence,  in  which  the  learner  is  given  the  cue  stimu¬ 
lus  and  then  is  expected  to  make  the  response  which  is  then 
confirmed.  The  relative  effects  of  these  methods  have  not 
yet  been  thoroughly  investigated.  A  further  problem  in¬ 
volves  the  use  of  the  stable  sequence  (serial  learning  task) 
as  opposed  to  an  unstable  sequence  (paired  associates  task). 
Again  there  are  advantages  and  disadvantages  to  habit 
systems  developed  by  means  of  either  procedure.  The  stable 
sequence  is  learned  more  quickly  but  it  is  less  adaptable. 
Dince  it  is  a  habit  learned  in  a  certain  order,  any  changes 
in  that  order  need  to  be  learned  as  separate  tasks,  it 
follows,  then,  that  the  sequence  used  will  depend  upon  the 
material  to  be  learned  as  well  as  upon  the  type  of  learning 
that  is  desired  by  the  programmer.  If  broad  principles  are 
to  be  learned,  the  programmer  will  proceed  to  vary  the 
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items  in  various  ways*  If,  however,  memory  type  material 
is  to  be  mastered,  redundant  items  in  the  program  will  con¬ 
sist  of  identical  stimuli  and  response  items. 

J  and  d  Limits  -  If  one  follows  the  G-uthrian  learning 
paradigm,  it  becomes  important  that  the  learner  be  present¬ 
ed  with  identical  stimuli  if  the  proper  response  is  expect¬ 
ed  to  recur.  It  is  well  known,  however,  that  identical 
stimuli  are  almost  impossible  to  produce;  and  it  follows 
that  learning  will  be  impeded  to  the  extent  that  stimuli 
which  are  to  produce  identical  responses  differ.  At  the 
same  time,  learning  will  be  accelerated  if  the  response  to 
certain  stimuli  is  permitted  to  vary  over  a  rather  broader 
range.  It  also  follows  that  stimuli  that  are  alike  should 
not  be  grouped  too  closely  together  as  confusion  may  re¬ 
sult  because  of  the  difficulty  in  discrimination. 

Meaning  -  In  order  that  two  independent  experiences 
be  linked  together,  it  is  important  that  mediation  take 
place.  The  stimulus  must  be  arranged  carefully  if  this  is 
to  happen.  To  make  sure  that  useful  responses  are  avail¬ 
able  in  a  learnerb  repertoire,  it  seems  that  in  programming 
it  would  be  wise  to  build  up  a  "web  of  association1'.  The 
transferability  of  associations  is  determined  by  two  major 
factors :  membership  in  a  class  and  orderability » 

membership  in  a  class  we  mean  that  a  stimulus  can  be  class¬ 
ified  on  the  basis  of  previous  experience  and  used  in  a  new 
one.  By  orderability  we  mean  that  there  is  some  inter- 
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dependent  relationship  among  a  series  of  items  and  that, 
as  in  counting,  there  is  established  both  remote  and  ad¬ 
jacent  association.  Retention  is  thus  aided. 

P-R  Linkage  rat  tern  -  the  learning  task  may  be  used  to 
create  a  one-to-one  relationship,  a  one-to-many  relation¬ 
ship,  a  many-to-one  relationship  or  a  many-to-many  relation¬ 
ship.  If  each  step  in  the  learning  process  is  analj^zed  on 
this  basis,  it  follows  that  a  much  more  definite  learning 
task  will  be  accomplished, 

S-R  homogeneity  and  Variability  -  if  the  stimulus  and 
response  sets  come  from  the  same  population  -  e,g,  words 
are  paired  with  words  -  the  S-R  linkages  are  said  to  be 
homogeneous.  If  they  come  from  different  populations  - 
e.g.  pictures  are  paired  with  words  -  they  are  said  to  be 
heterogeneous.  Some  research  evidence  (Lumsdaine,  1949) 
suggests  that  heterogeneous  sets  are  learned  more  quickly, 
Stolurow  (1961)  suggests  that  this  is  because  interference 
may  take  place  in  a  homogeneous  set  where  discrimination 
is  not  complete.  The  same  condition  may  occur  v/hen  the 
sets  of  stimuli  and  responses  are  incongruent  or  incom¬ 
patible,  and  the  differences  from  item  to  item  in  a  set  do 
not  vary  in  the  same  way, 

A  further  difference  not  discussed  by  Stolurow  is  the 
relationship  between  task  length  and  meaningfulness.  It 
Is  rather  obvious  that  the  length  of  the  task  will  affect 
the  meaningfulness  of  the  material  and  that  the  ability  to 
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deal  with  a  given  concept  either  by  whole  or  part  method 
will  depend  on  the  ability  of  the  individual  pupil. 

Practice  Conditions  -  Adaptive  machines  are  often 
evaluated  on  the  basis  of  their  ability  to  wait  for  the 
learner’s  response,  Briggs,  Plashinski  and  Jones  (1959) 
compared  the  effects  of  self-pacing  and  machine- pacin  , 

They  used  a  paired-associates  task  and  found  that  there 
was  little  difference  in  performance,  Since  paired- 
associates  learning  is  less  affected  by  distributed 
practice,  this  experiment  should  be  repeated  with  a  serial¬ 
learning  task,  Further  evidence  on  this  subject  is  not 
available. 

Much  work  needs  to  be  done  in  determining  the  various 
effects  of  certain  other  practice  conditions.  For  example, 
we  need  to  know  more  of  the  relative  effects  of  stimuliza- 
tion  by  means  of  various  modalities;  we  need  information 
on  the  order  which  is  best  in  presenting  a  stimulus  and  re¬ 
sponse,  Bo  we  move  from  the  most  familiar  to  the  least 
familiar?  In  w hat  kind  of  material  does  it  work  better  to 
have  tlie  simpler  part  of  the  link  in  the  response  position? 
It  is  also  necessary  that  we  analyze  a  response  in  terms 
of  the  stimulus  which  can  produce  it.  The  stimulus  must 
meet  at  least  three  criteria.  It  must  be  reliable  -  i.e., 
it  must  produce  the  desired  response.  It  must  elicit  the 
response  at  optimal  speed.  If  the  response  latency  is  kept 
at  a  regular  rate,  a  response  set  may  be  formed  which  will 
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pace  the  student  instead  of  having  him  do  the  pacing,  A 
third  criterion  of  a  response  may  be  its  transferability. 
For  example  it  is  possible  that  with  the  Skinner-type 
program  the  responses  are  so  carefully  arranged  for  that 
transfer  may  be  impeded 0  ‘l'he  Crowder  type  of  program 
presents  the  material  in  rather  larger  blocks,  making  it 
necessary  for  the  student  to  do  much  of  his  own  "assoc¬ 
iating"  or  transferring.  Because  he  has  done  this,  the 
student  is  now  able  to  make  the  necessary  conversion  to 
motor  action  or  to  new  material  more  easily. 

Feedback  Factors  -  Feedback  usually  takes  the  form  of 
stimuli  which  provide  reinforcement  to  the  learner.  Rein¬ 
forcement  is  any  event  which  follows  a  response  and  which 
makes  that  response  more  likely  upon  the  recurrence  of  the 
original  stimulus,  'l'he  effects  of  reinforcement  may  be 
considered  more  broadly  if  the  feedback  has  the  effect  of 
re-directing  behavior  in  addition  to  reinforcing  it  by 
telling  the  learner  that  he  is  correct.  This  is  usually 
considered  to  be  a  prompt,  okinner  has  pointed  out  that 
the  regular  instructor  in  a  classroom  cannot  possioly  pro¬ 
duce  continuous  reinforcement  and  argues  that  teaching 
machines  make  it  possible  to  nrovide  such  reinforcement. 
There  is,  however,  little  proof  that  this  is  the  oest  type 
of  reinforcement  schedule;  and  it  may  be  that  some  type  of 
mixed  strategy  of  reinforcement  is  more  beneficial, 
particularly  as  it  relates  to  retention. 
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The  importance  of  immediate  feedback  cannot  be  denied » 
The  effect  of  immediate  knowledge  of  results  on  learning 
has  been  studied  by  a  number  of  people,  Pressey  (1950) 
gave  a  group  of  college  students  a  series  of  tests  using  a 
punchboard.  This  made  it  possible  for  the  students  to  know 
immediately  if  they  were  right  or  wrong.  *in other  control 
group  took  the  same  tests  in  the  conventional  way  and  then 
had  them  scored  and  returned  the  next  day  at  which  time 
they  were  allowed  to  discuss  the  errors  they  had  made.  On 
a  criterion  test  it  was  found  that  these  two  groups  did 
equally  well,  even  though  the  punchboard  group  were  not 
given  a  discussion  period.  Pressey  concluded  that  know¬ 
ledge  of  results  makes  learning  more  effective.  This  was 
true  even  when  items  we  re  so  constructed  as  to  demand  trans¬ 
fer  from  practice  materials  to  new  items. 

Time  Factors  -  Closely  related  to  feedback  factors  are 
time  factors.  Oreen  (1962)  suggests  that  there  are  two 
major  types  of  conditioning  that  relate  to  time.  The  first 
of  these  we  know  as  "cramming",  which  is  achieved  by  con¬ 
tinuous  reinforcement  of  tightly  massed  material.  Tuch  a 
schedule  will  result  in  an  increase  in  response  probability 
but  less  retention,  A  second  type  of  conditioning  we  know 
as  maintenance  of  behavior  which  may  best  be  ooteineu  oy 
scheduling  reinforcement  or  by  spacing  training  sessions. 

The  result  in  this  case  in  reduced  response  ratio  and 
better  retention.  Tince  there  may  be  interaction  between 
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retention  and  the  type  of  task  performed,  it  is  probably 
more  appropriate  to  combine  these  two  approaches  when  pro¬ 
gramming  instruction. 

Stolurow  (1961)  also  discusses  critical  time  intervals. 
Efficient  learning  requires  minimum  intervals  between  the 
cue  and  the  response  and  between  the  response  and  the  rein¬ 
forcement,  Optimum  time  intervals  are  required  between  the 
reinforcement  and  the  next  cue  stimulus  and  between  prac¬ 
tice  periods.  The  latter  time  interval  will  be  a  function 
both  of  the  material  to  be  learned  and  of  the  learner, 
further  confounding  issue  is  the  problem  of  learning  set 
which  seems  to  cut  across  the  effects  of  time  interval. 

This  could  easily  be  handled  in  programmed  instruction  by 
preceding  a  unit  wi th  a  section  which  might  help  to  bring 
about  this  set. 

j'hen  should  knowledge  of  results  be  presented? 

Stephens  (1955)  used  the  Drum  Tutor  and  the  punchboard  to 
try  to  determine  the  best  time  to  provide  feedback, 
group  used  the  Drum  Tutor  to  take  a  test  after  learning  the 
material  by  conventional.  instruction  while  the  other  roup 
learned  the  material  by  practice  with  the  punchboard. 

Those  who  used  the  Drum  Tutor  showed  superior  learning 
indicating  that  early  guidance,  that  is  guidance  provided 
within  the  frame  so  that  the  possibility  of  error  is 
reduced,  may  be  an  important  variable  in  the  learning  pro¬ 
cess.  Should  this  finding  be  borne  out  it  would  provide 
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an  argument  for  more  elaborate  teaching  devices  and  ex¬ 
tensive  programming  to  make  possible  the  reinforcement  of 
each  step  of  original  learning .  This  would  support  the 
position  of  those  who  use  Skinner-type  programs.  On  the 
other  hand,  if  immediate  knowledge  of  results  effected  by 
a  testing  device  some  time  after  learning  had  taken  place, 
can  be  demonstrated  to  be  equally  effective,  then  a  more 
economical  means  of  increasing  the  effectiveness  of  in¬ 
struction  can  be  invoked.  Extensive  programming  would  not 
be  required.  The  latter  would  also  tend  to  support 
Pressey’s  opinion  that  such  devices  should  be  used  as  aids 
to  teaching  and  should  not  be  used  to  teach  all  the 
material  in  a  course.  Again,  it  is  the  contention  of  this 
paper  that  the  best  time  for  feedback  will  be  a  function 
of  the  type  of  program  and  the  practice  mode  that  is  used. 

Another  phase  of  the  feedback  conditions  may  involve 
the  problem  of  guidance  and  prompting.  Briggs  (1962)  re¬ 
ports  that  in  a  number  of  studies  it  has  been  found  that 
the  error  rate  is  directly  related  to  the  amount  anu  con¬ 
ditions  of  the  guidance  given.  G-uidance  may  take  three 
forms:  cue  guidance  -  the  isolation  of  critical  clues; 

response  guidance  -  the  deliberate  elicitation  oi  the 
correct  response;  and  relational  guidance  -  the  present¬ 
ation  of  the  principle  to  be  used  to  achieve  correct 
performance.  The  programmed  material  contains  implicitly 
the  factors  needed  to  produce  the  response  and  the  i  e- 
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inforcement  schedule  must  be  so  arranged  that  the  proper 
response  is  selected  in  accord  with  the  criterion.  A  num¬ 
ber  of  ways  of  giving  guidance  have  been  developed .  These 
do  not  enter  into  the  problem  of  this  thesis  and  are  there¬ 
fore  not  discussed  here.  It  is  necessary,  however,  to  look 
carefully  at  one  final  point  in  this  discussion  and  that  is 
error  rate. 

okinner  has  argued  consistently  for  errorless  practice 
in  programmed  instruction.  For  this  reason  programs  that 
follow  his  model  use  small  easy  steps  with  continuous  rein¬ 
forcement.  The  question  arises  as  to  whether  or  not  error¬ 
less  practice  is  necessary  or  desirable.  In  the  first  place, 
it  would  appear  that  the  program  should  be  evaluated  not  on 
error  rate  alone,  but  on  other  factors  such  as  retention 
and  transfer.  In  the  second  place,  it  is  necessary  to  take 
a  much  closer  look  at  the  motivational  aspects  of  the  case. 

It  may  be  that  the  bright  student  or  even  the  typical 
student  is  not  challenged  by  the  small  step  program  and 
that  he  does  not  really  discriminate  thoroughly  unless  at 
times  he  is  wrong  and  is  then  shown  where  he  is  wrong  so 
tihat  he  may  adjust  his  understanding  accordingly.  This  is 
similar  to  Bruner’s  (i960)  contention  that  we  give  both 
positive  and  negative  examples  in  order  that  discriminative 
learning  may  take  place  in  combination  with  aenerelized 
learning, 

Response  Conditions  -  The  method  by  which  the  pupil  is 
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expected  to  respond  to  the  program  is  important  in  the 
learning  process.  An  analysis  of  this  problem  entails  the 
study  of  three  interacting  approaches  to  programming;  the 
use  of  correction  versus  non-correction  procedure,  the 
type  of  response  mode  employed  and  the  practice  mode  used 
in  programming o 

Pressey  and  Skinner  have  both  employed  devices  which 
require  the  learner  to  repeat  those  items  in  a  program  where 
he  made  an  error,  Briggs  (1949)  compared  the  use  of  the 
punchboard  with  and  without  correction  procedures.  He  re¬ 
ported  that  the  correction  procedure  was  superior  in  terms 
of  test  results  and  that  both  methods  were  superior  to 
regular  testing  in  which  there  was  no  provision  for  know¬ 
ledge  of  results.  The  procedure  involved  here  led  invest¬ 
igators  to  develop  various  modes  of  operation  herein  known 
as  presentation  modes.  The  first  such  investigation  was 
made  by  Bryan  and  Rigney  (1956).  They  used  the  Tear-a-Tab 
device  in  which  the  learner  pulled  off  a  tab  which  he 
thought  contained  the  right  answer  to  a  multiple  choice 
question.  Under  the  tab  appeared  the  words  "right"  or 
"wrong" ,  If  the  wrong  choice  was  made  the  learner  con¬ 
tinued  to  pull  tabs  until  he  made  the  right  choice,  a 
control  group  answered  the  questions  in  the  usual  way  and 
a  third  group  also  pulled  tabs  like  the  first  group  but 
in  addition  to  finding  the  terms  "right"  or  "wrong"  under 
the  tab,  they  also  found  an  explanation  why  they  were  wrong. 
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A  multiple  choice  test  revealed  that  the  group  getting  the 
explanations  was  superior  to  the  other  two.  From  this 
point  on  a  number  of  practice  modes  have  developed.  These 
modes  are  defined  and  discussed  in  Chapter  ill. 

irion  and  Briggs  U-9 57)  reported  that  the  most 
efficient  learning  took  place  when  the  quiz  mode  was  used, 
in  this  method  of  operation  the  learner  reads  the  item  and 
then  asks  the  machine  for  the  correct  answer.  This  met nod 
proved  to  be  more  effective  than  the  practice  mode,  in 
which  the  learner  responds  until  he  gets  the  correct  answer, 
it  was  also  more  effective  than  the  single-try  mode,  in 
which  he  is  informed  only  that  he  is  right  or  wrong  and 
then  goes  on  to  the  next  frame.  The  study  of  irion  and 
Briggs  suggests  that  the  interval  between  cue  stimulus  and 
response  may  be  critical  andin  the  quiz  mode  the  prompting 
conditions  present  -  i.e„,  surrounding  material  -  may  be 
vital  to  learning,  if  the  findings  of  irion  and  Briggs 
can  be  substantiated,  relatively  simple  teaching  devices 
may  be  effective. 

The  final  response  condition  in  which  we  are  interested 
is  the  practice  mode.  The  learner  is  expected  to  make  either 

X 

an  overt  or  covert  response  to  a  stimulus.  Bvans,  et  al 
11959)  used  two  groups  of  undergraduates  to  give  a  course 
in  l*t\inclam®^l al s  01  music'1*  One  group  went  tmougn  tne 
material  constructing  one  or  more  responses  at  each  step, 
while  a  second  group  were  instructed  to  make  no  overt 
response.  The  latter  group  took  less  time  to  complete  the 
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sequence  and  also  achieved  a  better  score  on  the  criterion 
test.  Porter  (1957)  claims  that  if  no  overt  response  is 
required,  the  device  used  cannot  be  called  a  teaching 
machine  at  all.  This  reasoning  is  also  followed  by 
Skinner,  who  asserts  that  the  pupil  must  make  an  overt  re¬ 
sponse  in  order  that  the  learning  will  be  fixed.  Crowder 
and  others  disagree  and  say  that  the  constructed  response 
is  only  useful  as  a  measure  of  what  the  student  has  learn¬ 
ed  o  Siverman  and  .alter  (1961)  found  no  difference  in 
learning  when  they  compared  a  "response*1  with  a  "no¬ 
response"  group,  both  of  which  had  taken  a  90  item  program 
dealing  with  the  binary  number  system,  imess  and  teaman 
(1960)  investigated  the  effect  of  overt  wrong  responses. 

They  found  that  when  a  wrong  response  was  overtly  made,  it 
was  strengthened,  but  when  a  wrong  answer  was  merely  read 
as  a  part  of  the  instructional  program,  it  was  not  streng¬ 
thened  and  could  be  easily  extinguished  by  subsequent  non- 
reinforced  elicitations.  This  led  to  the  conclusion  that 
the  amount  of  associative  strength  formed  depends  on  the 
practice  conditions.  In  the  production  of  correct  responses, 
however,  this  did  not  hold  true  and  reinforcement  of  overt 
responses  did  not  appear  to  be  any  more  effective  than  re¬ 
inforcement  of  covert  responses. 

Other  investigators,  (e.g.  Holland,  1960)  have  found 
that  where  overt  responses  were  not  required,  error  rate 
rose,  presumably  because  construction  oi  the  coiiecc  answer 
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in  a  constructed-response  program  drew  attention  to  critic¬ 
al  information  contained  in  the  frame.  Ho  clear  evidence 
is  available  on  the  subject,  but  evidence  collected  by 
Evans,  et  al.  (1959)  would  indicate  that,  in  any  case,  a 
blank  does  not  need  to  appear  in  every  frame  of  a  program 
if  progression  from  frame  to  frame  is  clear  and  systematic 
and  if  feedback  is  adequate. 

Other  investigators,  (G-otkin,  et  al.  1962;  Hoe,  et  al. 
1960;  and  Silverman  and  Alter,  1961)  fail  to  find  any 
difference  between  response  modes  used.  Basically  the 
controversy  over  covert  versus  overt  response  is  a  theoret¬ 
ical  issue  in  learning  theory  with  its  genesis  in  the  S-S 
and  S-R  controversy.  The  S-S  theorists  attach  little 
importance  to  overt  responses,  preferring  to  emphasize 
perceptual  organization  and  central  cognitive  processes. 

The  S-R  theorists,  on  the  other  hand,  feel  that  a  position 
which  emphasizes  the  connection  between  stimulus  and  know¬ 
ledge  leaves  a  gap  between  stimulus  a.nd  action.  More  recent 
S-R  theorists  such  as  Hull,  Mowrer  and  Osgood,  have  attempt¬ 
ed  to  close  this  gap  between  stimulus  and  action  by  post¬ 
ulating  a  central  mediating  process  in  which  the  overt  re¬ 
sponse  is  a  major  factor. 

Since  research  findings  regarding  the  efficacy  of 
covert  responses  disagree,  it  may  be  concluded  that  there 
is  some  interaction  effect  which  clouds  the  results  of 
experimental  study,  'walker  (1962)  suggests  that  such 
interaction  may  exist  between  the  type  ot  material  used  no 


» 

t 

.  ...  1  ^  ? 


C  l 


. 


, 


. 

?  t  - 

. 

c  .  -V. 

. 


. 


52 


the  conditions  of  overt  response,  ouch  a  postulate  could 
be  extended  to  include  other  variables  such  as  method  of 
presentation  and  intelligence  level  of  the  pupil.  In- 
fact,  the  issue  may  not  lie  in  the  problem  of  covert 
versus  overt  response  at  all,  but  may  resolve  itself  by  a 
control  of  temporal  contiguity  patterns.  That  is,  differ¬ 
ences  may  be  due  to  the  fact  that  it  simply  takes  longer 
to  make  an  overt  response. 

"Thus,  with  covert  responses  the  interval  between  the 
stimulus-response  connection  and  the  interval  between 
the  cue-stimulus  and  the  next  are  shorter.  On  the 
other  hand,  the  effectiveness  of  overt  practice  may 
lie  in  the  degree  to  which  the  overt  response  is  cued 
by  the  otherwise  practiced  covert  response.  If  the 
student  who  can  think  a  word  can  write  it  correctly, 
there  already  exists  an  established  cue-response 
relationship  between  thought  and  action  and  it  would 
presumably  make  little  difference  whether  he  was 
required  to  make  a  covert  or  an  overt  response  in  the 
course  of  learning.  On  the  other  hand,  if  the  student 
had  not  learned  this  relationship  then  it  might  make 
a  great  deal  of  difference  if  he  practiced  an  overt  or 
a  covert  response,  for  in  practicing  the  overt  one  he 
would  be  building  up  the  required  relationship  between 
saying  the  word  to  himself  and  writing  it."  (Walker, 

1962 ,  p.425 ) 

If,  then,  the  student  is  to  make  use  of  responses  that  are 
already  practiced  and  a  part  of  his  repertoire,  covert 
practice  will  be  sufficient. 

Methods  of  Presentation  -  Roe  (i960)  compared  the 
effects  of  teaching  machines,  programmed  texts,  programmed 
lectures  and  a  standard  lecturer.  The  program  used  a  192 
frame  sequence  on  elementary  probability.  He  preceded  the 
actual  study  with  a  pilot  study  to  check  the  c omprehensibility 


« 


dlHVC  KB  9K  3Xtt  Otf 


, 


t 


- 

< 

’ 


< 

a 

< 

< 

H 

r 

±tyi  oo 

< 

» 

f 

<  . 

, 

<■ 

53 


reliability  and  validity  of  the  programmed  materials.  The 
subjects  were  186  freshmen  engineering  students  at  the 
University  of  California,  They  had  previously  taken  an 
engineering  aptitude  test  which  was  used  to  divide  them 
into  four  ability  levels.  The  modes  of  presentation  were: 
(a)  two  types  of  teaching  machines  —  a  Jkinner-type  con¬ 
structed  response  and  a  multiple-choice  response;  (b)  two 
types  of  programmed  textbooks  —  one  requiring  response  and 
supplying  reinforcement  in  the  form  of  the  correct  answer 
on  the  next  page;  the  other  presenting  the  items  as  in  a 
conventional  text  and  requiring  no  overt  response;  (c)  two 
types  of  lecturers  —  lecturers  who  followed  the  sequence 
of  the  program  and  a  conventional  lecturer.  The  present¬ 
ation  of  the  program  was  followed  by  a  test  consisting  of 
SO  free-response  items.  Some  interesting  results  were  ob¬ 
tained,  All  groups  receiving  programmed  instruction  perform 
ed  better  than  those  receiving  conventional  instruction. 
Unlike  many  other  studies,  however,  this  study  reports  that 
students  in  the  lecture  groups  took  less  time  to  complete 
the  course  than  did  those  using  programmed  texts  or  machines 
Those  who  did  not  need  to  construct  answers  also  took  less 
time  than  did  those  who  were  required  to  construct  or  choose 
responses.  The  students  in  the  lower  aptitude  groups  did 
not  score  as  high  as  the  students  in  the  upper  quarters,  but 
there  was  no  indication  that  any  one  of  the  methods  was 
particularly  better  for  a  particular  aptitude  group  on  the 
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basis  of  either  the  criterion  variable  or  learning  time. 

This  report  is  well  written  and  the  study  well  design¬ 
ed,  Perhaps  the  major  problem  in  such  studies  is  the  length 
of  the  programs.  It  appears  likely  that  many  important 
variables  are  not  permitted  to  function  when  the  program  is 
too  short  and  replication  with  longer  programs  seems 
necessarv  before  too  manv  conclusions  are  drawn . 

A  final  study  comparing  programmed  and  conventional 
instruction  will  now  be  mentioned.  Ingles  (1961)  used  IIP 
men  taking  a  company  course  in  customer  engineering  to 
give  the  first  15  hours  of  an  IBM  7070  computer  training 
course ,  The  program  was  presented  in  the  conventional 
classroom  method  (lecture-discussion)  and  by  means  of  a 
719-frame  programmed  textbook.  Two  classes  of  21  students 
each  were  designated  “control  classes''  and  given  the 
company’s  usual  lecture  and  discussion  course.  In  each  of 
the  three  subsequent  months  other  classes  undertook  to 
learn  the  same  material  from  the  programmed  text  cook, 
the  end  of  the  course  the  students  took  a  comprehensive 
two-hour  examinat ion  and  filled  out  an  attitude  question¬ 
naire  . 

The  author  of  the  study  reports  that  the  students  who 
worked  with  programmed  texts  required  11  hours  to  complete 
their  work.  lie  does  not  state  ii  this  was  aver  1  e  time  but 
we  note  that  it  took  the  regular  classes  !«.;  hour o . 
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otudents  who  worked  with  programs  achieved  a  mean  score  of 
95*1  on  the  criterion  test  while  the  conventional  classes 
achieved  a  mean  score  of  86.?,,  a  difference  significant  at 
the  ,01  level.  The  attitude  questionnaire  filled  out 
anonymously  was  favorable  toward  programmed  instruction. 
Although  this  study  appeared  to  be  significant,  it  will  be 
noted  that  the  experimental  groups  were  not  run  at  the 
same  time  as  the  controls.  The  author  also  admits  that 
only  educational  level  among  the  groups  was  controlled 
statistically.  Furthermore,  the  group  was  a  select  one 
and  replication  is  needed  to  obtain  evidence  about  average 
groups  and  perhaps  children  in  particular. 


Criticism  of  Contemporary  Studies 


in  x-rograiimed  Instruct  ion 


Although  research  on  programmed  instruction  is  for  the 
most  part  still  in  the  preliminary  phase,  some  criticisms 
regarding  design  and  analysis  of  data  are  already  apparent. 
Most  of  the  studies  to  this  point  have  been  exploratory. 
Controls  are  often  left  out  or  ignored  and  study  has  been 
limited  to  individual  variables,  relating  to  the  program, 
the  learner  or  the  criterion  data.  Robinson  (1961)  has 
made  some  insightful  observations  regarding  the  research 
literature,  He  points  out  firstly  that  the  effectiveness 
of  programmed  instruction  is  still  in  doubt.  Though  ex¬ 
periments,  such  as  the  xloanoke  experiments  (1959),  in  which 
the  experimental  group  learned  mathematical  concepts  in 
half  the  time  required  by  those  talcing  conventional 
instruction,  have  shown  the  effectiveness  of  teaching 
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devices,  it.  is  not  yet  known  whet  the  long-term,  motiva¬ 
tional  effects  are.  Control  in  these  situations  is  at 
oest  theoretically  effective  because  it  is  well  known  that 
the  pupil  and  the  teacher  in  any  classroom  situation  can 
certainly  not  be  standardized. 

He  points  out,  secondly,  that  there  is  little  research 
regarding  the  role  of  the  teacher  in  programmed  instruction. 
Most  researchers  have  been  led  to  accept  without  question 
Skinner’s  belief  that  the  teacher  cannot  provide  small 
steps,  a  satisfactory  sequence,  feedback.  This,  of 
course,  may  not  be  true  and  it  may  be  that  what  teaching 
machines  and  programmed  instruction  will  give  us  will  be 
a  well-planned  instructional  program  to  be  used  by  the 
teacher  in  a  conventional  presentational  manner. 

Thirdly,  he  discusses  the  characteristics  of  an  opti¬ 
mum  program  stating  that  ” — there  is  no  proof  that  ’overt’ 
response  is  superior  to  ’covert’  response,  that  the  error 
rate  of  the  learner  should  be  extremely  low,  that  there 
should  be  feedback  on  every  trial,  and  that  it  should 
always  be  positive  feedback--*’.  No  program  type  has  yet 
been  proven  superior  for  all  subject  areas  and  comparisons 
of  a  variety  of  programs  in  a  specific  subject  field  are 
not  yet  available. 

Finally,  he  challenges  the  adequacy  of  existing 
theory  which  he  feels  has,  in  this  area  at  least,  been 
reduced  to  a  theory  of  operant  conditioning  not  suitable 
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as  a  description  of  human  learning  in  all  its  phases 0 
It  is  fairly  easy  to  see  that  Skinner’s  approach  may  be 
inadequate  in  many  complex  areas  such  as  geometry  for 
example,  in  which  there  appears  to  be  little  justification 
for  speaking  about  "rate  of  response'*  or  ’'successive 
approximations” . 

Gilbert  (I960)  goes  much  farther  than  any  of  the 
other  critics  of  research  and  states  that  an  about-face 
will  be  necessary  if  progress  is  to  be  made.  He  holds  that 
present  research  merely  shows  that  there  are  individual 
differences  in  pupils  and  programmers.  Improvement,  he 
suggests,  must  come  in  two  areas:  First,  improvement  of 
a  given  educational  subject  matter  by  having  an  expert 
teacher  practice  writing  frames  for  a  pupil  and  ignoring 
the  machine  until  the  program  has  been  tried.  (This 
probably  means  that  the  real  question  is  one  of  how  to 
teach  a  specific  subject.)  Secondly,  if  human  learning 
principles  are  to  be  discovered,  expensive  laboratories 
will  be  needed  in  whieh  subjects  can  be  used  who  will  act 
as  their  own  controls  over  long  periods  of  time.  Only  in 
this  way  will  systematic  knowledge  be  obtained,  and  the 
danger  of  following  up  variables  of  pre-conceived 
importance  be  avoided,  nhile  Gilbert’s  theory  is  still 
somewhat  heavily  dependent  on  the  theory  of  operant  con¬ 
ditioning,  it  does  appear  to  offer  important  suggestions 
for  the  improvement  of  research. 
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CHAPTER  III 
THEORETICAL  FRAMEWORK 

Definitions 

Automated  Instruction  -  This  term  is  broadly  used  to 
include  any  method  whereby  the  teacher  function  is  pro¬ 
vided  by  a  wholly  or  partially  automated  sequence  of  in¬ 
structional  segments  prepared  in  advance  in  the  form  of  a 
program*  This  term  is  also  used  to  include  the  narrower 
concept  of  programmed  learning  which  refers  more  specific¬ 
ally  to  the  frames  of  a  program  than  to  the  method  of 
presentation  as  a  whole* 

Construction  -  The  process  of  requiring  the  subject  to 
write  or prepare  an  answer  rather  than  requiring  him  to 
choose  one  of  several  alternatives, 

C onf  irmi ng  Me ch. an i sm  -  A  device  by  means  of  which  the 
subject  is  informed  of  the  correctness  or  incorrectness  of 
his  response.  This  may  be  by  means  of  some  auditors?-  or 
visual  stimulus,  or,  in  the  case  of  constructed  answers, 
by  requiring  the  subject  to  compare  his  answer  with  a  model 

supplied  by  the  programmer . 

Error  Rate  —  This  term  is  used  to  reier  either  to  the 

number  of  errors  made  by  a  specific  student  on  a  total  'no- 
gram,  or  to  the  percentage  of  a  given  group  giving  wrong 
answers  to  a  specific  item  in  the  program*  This  is  the 
criterion  usually  used  to  determine  revisions  in  two 
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hkFiug.  ~  the  gradual  withdrawal  of  stimulus  support 
in  presenting  items.  (dee  aiso  “vanishing. ,l) 

Feedback  -  The  process  by  which  information  is  given 
the  subject  which  makes  possible  modification  or  correction 
in  the  pursuit  oi  a  sequence,  bince  it  is  a  corrective  de¬ 
vice,  it  is  considered  as  a  variable  distinct  from  rein¬ 
forcement.  it  is  an  indication  of  the  extent  of  the  cor¬ 
rectness  or  incorrectness  of  a  response  and  may  vary  in  the 
amount  of  information  it  gives  and  in  the  temporal  delay 
involved  between  response  and  feedback. 

Frame  -  Ordinarily  a  single  item  of  information  is 
exposed  at  a  time.  Such  an  item  of  information  is  desig¬ 
nated  as  a  frame  in  the  Skinner— type  program,  decent  de¬ 
velopments  in  programming,  however,  have  made  necessary 
re— definition  of  this  term  and  it  is  now  used  to  include 
any  material  presented  to  the  subject  at  one  time.  This 
makes  for  greater  flexibility  in  programming  and  makes 
possible  a  greater  variety  of  means  for  handling  individ¬ 
ual  differences  both  in  subject  matter  and  human  abilities. 

Hint s  -  Devices  used  within  the  material  presented  to 
make  the  correct  response  more  likely.  At  present  this 
term  is  used  interchangeably  with  the  term  “prompt11  which 
might  better  be  reserved  for  the  type  of  guidance  wiiicii 
consists  of  added  material. 

Operant  behavior  -  This  is  a  fundamental  concept  in 
Skinnerian  learning  theory  and  refers  to  responses  which 
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operate  on  the  environment  to  bring  about  desired  changes. 

Presentation  modes  -  in  this  paper  presentation  mode 
will  be  given  a  broad  interpretation  to  indicate  the  method 
of  practice  employed  by  the  subject  to  learn  the  original 
material.  This  may  be  thought  of  as  being  distinct  from 
an  instructional  method  which  term  might  be  applied  more 
accurately  to  a  combination  of  method  of  practice  and  pro¬ 
gramming  itself,  irion  and  Briggs  (1957  J  have  identified 
four  modes: 

1.  Quiz  Mode,  in  which  the  subject  reads  the  item 
(frame;  and  then  “asks11  the  machine  for  the  correct  answer, 
it  is  presumed  that  a  covert  response  is  made  to  the  stim¬ 
ulus  item. 

2.  Modified  Quiz  Mode  -  The  learner  chooses  ail  option, 
being  presented  at  once  with  the  next  question  if  correct 
and,  if  incorrect,  an  error  signal  is  accompanied  vith  a 
direct  prompt  that  shows  which  option  he  must  then  choose 

to  be  correct,  in  the  constructed  response  type  of  program, 
the  pupil  constructs  an  answer,  “asks11  the  machine  for  the 
correct  one,  ?nd  then  goes  on.  in  a  modification  of  this 
program,  he  might  be  asked  to  re-write  the  answer  if  he 
made  a  wrong  choice. 

3.  Practice  Mode  -  The  learner  is  asked  to  keep 
choosing  options  until  he  chooses  the  correct  one.  This 
type  of  program  is  most  suited  to  a  multiple  choice  type  of 
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4.  Single-Try  Mode  -  The  learner  can  respond  only 
once  to  each  problem,  oome  method  is  used  to  indicate 
whether  the  right  or  wrong  choice  has  been  made,  but  the  sub¬ 
ject  is  not  permitted  to  make  another  choice,  nor  is  he 
given  any  further  information  as  to  the  correct  answer. 

In  addition  to  the  presentation  modes  suggested  by 
Irion  and  Briggs,  other  forms  are  available  -which  may  be 
useful  for  purposes  of  experimental  comparison, 

1,  Test  Mode  -  The  learner  writes  answers  to  quest¬ 
ions  which  deal  with  the  material  which  has  been  presented 
previously  in  some  form.  The  subject  has  no  knowledge  of 
whether  he  is  right  or  wrong  and  reinforcement  does  not 
occur  until  the  papers  have  been  scored  by  the  examiner.  It 
is  to  be  noted  that  this  process  is  in  many  ways  similar  to 
conventional  classroom  instruction, 

2.  No-Practice  Mode  -  In  this  type  of  presentation 
the  subject  merely  reads  the  information  as  he  would  in  a 
textbook. 

Panel  -  A  short  passage  of  prose  material,  graphs  and 
similar  material  presented  or  studied  along  with  a  program. 
This  was  originally  used  together  with  the  okinner  Bisk 
machine . 

Prop; ram  -  The  program  consists  of  the  subject  matter 
to  be  learned  by  the  subject  through  means  of  the  teec’nin  “ 
machine  or  some  other  device.  There  are  two  basic  lorms  r>i 
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Intrinsic  (Branching)  -  in  which  the  program  is  so 
constructed  that  the  erring  subject  is  directed  along 
corrective  pathways  before  he  is  permitted  to  proceed  to 
the  next  step  in  the  program.  This  type  of  program  is 
possible  only  where  multiple  choice  answers  are  available. 

Linear  -  in  which  the  pupil  must  construct  a  response. 
The  items  of  the  program  are  presented  in  small-step  form 
and  require  that  all  subjects  follow  through  the  same 
pattern  of  stimuli  and  responses  regardless  of  ability, 

Response  Mode  -  This  refers  to  the  form  of  response 
made  by  the  subject  in.  working  his  way  through  the  program. 
Two  possibilities  exist: 

Overt  vs.  Covert  Response  -  In  the  former  the  subject 
must  make  some  physical  response  to  indicate  the  answer  he 
has  chosen.  In  the  latter  no  specific  action  is  required, 
but  it  is  assumed  that  the  pupil  is  aware  of  the  correct 
answer  and  may  be  making  implicj t  responses  in  one  form  or 
another.  In  other  words,  he  is  "thinking”. 

Constructed  vs.  Multiple  Choice  -  The  subject  may  be 
asked  to  construct  an  answer  or  merely  to  choose  one  from 
a  group  of  alternatives, 

ocrambled  Book  —  A  device  which  permits  the  student  to 
record  his  response  in  programmed  sequential  form,  but  in 
which  the  student  is  directed  to  different  pages  not  necess¬ 
arily  in  consecutive  order.  By  means  of  alternate  choice 
responses  at  each  step,  branching  to  new  or  review  material 
is  made  possible. 
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,.3iz,6  -  This  is  a  measure  of  the  increment  in 
difficulty  level  between  the  steps  of  a  program.  Large 
steps  may  provide  greater  challenge  and  make  the  program 
shorter.  Small  steps  require  a  longer  program,  but  reduce 
the  ei ror  rate,  thus  making  lor  continuous  reinforcement. 

jTsn ish ing  -  The  program  itself  makes  possible  the 
elicitation  of  an  appropriate  response  in  the  presence  of 
certain  stimulus.  In  order  to  strengthen  the  desired  be¬ 
havior  the  cue  which  gives  rise  to  a  desired  response  may 
be  repeated  several  times  to  insure  thorough  learning.  It 
may  then  be  gradually  faded  until  the  desired  response  is 
elicited  in  the  presence  of  minimal  cue  material.  This  is 
an  aid  to  both  discrimination  and  generalization. 

Theoretical  framework 

It  has  been  mentioned  that  Skinner  has  consistently 
argued  for  a  small-step  program  in  which  the  pupil  constructs 
his  response.  The  contention  is  that  the  constructing  of 
the  response  fixes  the  answer  in  the  mind  of  the  pupil. 

It  follows  that  the  programmer  must  arrange  the  frames  so 
that  wrong  responses  are  avoided  and ~ therefore  not  fixed 
in  the  mind  of  the  learner.  The  procedure  advocated  by 
Skinner  has  some  serious  limitations.  In  the  first  place, 
the  long-term  motivational  effects  of  small  steps  need  to 
be  investigated.  Though  reinforcement  is  continuous,  there 
is  little  to  reinforce  if  the  pupil  is  left  unchallenged  by 
the  small  increment  of  learning  that  he  feels  has  taken 
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place,  Secondly,  Decause  of  the  limitation  imposed  by  the 
machine— scoring  of  items  —  even  when  the  student  makes 
the  comparison  to  the  correct  answer  —  the  scope  of  the 
response  learned  may  be  very  narrow  and  the  strength  of  the 
associative  bond  between  stimulus  and  response  limited. 
Thirdly,  there  is  no  proof  that  low  error  rate  is  always 
desirable  because  discrimination  can  only  be  effectively 
achieved  when  closely  related  examples  and  negative  exam¬ 
ples  are  presented  to  the  learner,  in  other  words, 
synthesis  and  analysis  depend  on  a  critical  examination  of 
material,  and  this  may  not  be  possible  without  having  the 
learner  make  some  errors,  finally,  one  crucial  test  of 
whether  or  not  material  has  been  learned  is  long-term 
retention.  There  may  be  some  connection  between  error  rate 
and  long-term  retention.  That  is  to  say,  it  may  be  that 
pupils  will  retain  material  more  effectively  if  they  made 
some  error  in  learning  it  which  drew  the  crucial  material 
to  their  attention  or  which  made  them  refer  to  the  nrinciple 
underlying  the  material  that  was  being  learned.  This  area, 
however,  remains  to  be  investigated, 

Crowder  has  opposed  the  theories  and  linear  program 
recommended  by  Skinner  and  has  uevoted  his  efforts  to  the 
development  of  the  intrinsic  program.  This  program  makes  it 
possible  for  each  pupil  to  gain  additional  information  in  an 
area  in  which  he  is  weak  by  following  a  sub-program  or 
"branch1' ,  Some  allowance  is  thus  made  for  individual 
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differences.  Two  serious  problems  limit  the  usefulness  of 
this  technique,  First,  the  program  is  built  on  the  pattern 
of  the  multiple-choice  test, and  this  means  that  there  is  a 
danger  of  making  recognition  the  criterion  of  achievement. 

It  is  feared  by  some  that  understanding  will  be  limited  if 
recognition  is  the  only  criterion  towards  which  pupils  are 
asked  to  work,  Second,  the  possible  number  of  responses  is 
limited  to  those  the  programmer  has  decided  to  include  in 
the  options  of  each  frame.  That  is,  the  programmer  defines 
the  branches  of  the  program  ahead  of  time  but  he  has  no  way 
of  knowing  the  repertoire  of  the  pupil.  This  may  reduce  the 
possibilities  of  association  and  mediation  and  in  fact  make 
this  type  of  program  more  rigid  than  the  linear  type  program 
in  which  the  pupil  is  free  to  construct  any  response. 

Once  the  programmer  has  decided  which  type  of  basic 
program  is  suitable  for  the  subject  matter  he  wishes  to 
present,  he  must  make  some  further  decisions.  It  is  import¬ 
ant  that  he  know  which  type  of  presentation  mode  he  wishes 
to  use.  If  he  is  involved  in  research  it  is  possible  for 
him  to  choose  among  at  least  six  of  these  methods  and  among 
a  number  of  variations  of  each.  within  each  method  of  in¬ 
struction  are  contained  a  number  of  interacting  variables 
which  the  programmer  must  consider  and  weigh  carefully  De- 
fore  proceeding.  Table  1.  indicates  the  possible  present¬ 
ation  modes  and  also  indicates  the  extent  to  which  some  of 
the  imoortant  variables  related  to  learning  are  present  in 
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The  quiz  mode  is  placed  first  on  the  list  because  it 
appears  to  meet  best  the  requirements  of  good  instruction. 
There  is  always  the  question  of  the  type  of  response  re¬ 
quired  of  the  pupil,  but  it  has  been  noted  in  the  previous 
chapter  that  a  covert  response  may  be  just  as  good  as  an 
overt  response  unless  the  pupil  is  learning  a  new  vocabu¬ 
lary  or  set  of  symbols  or,  perhaps,  in  the  case  of  young 
children  who  as  yet  have  little  control  over  verbal  responses. 
In  the  case  of  rote  or  skill  learning  overt  responses  are 
also  probably  more  effective,.  The  quiz  mode  is  adaptable 
because  it  can  make  use  of  either  the  linear  program,  in 
which  questions  are  asked  in  the  form  of  missing  parts  to 
be  filled  in  by  the  pupil,  or  it  can  use  multiple-choice 
type  items,  ^ince  feedback  is  immediate,  reinforcement 
should  be  at  a  maximum,  finally,  if  it  is  true  that  error 
responses  are  not  fixed  if  they  are  not  constructed  by  the 
pupil,  this  mode  should  have  definite  advantages  over  those 
which  require  a  constructed  response. 

The  quiz  mode  can  be  modified  to  require  constructed 
responses o  If  this  method  is  used  it  is  understood  that 
error  responses  may  be  fixed.  This  factor  is  vitiated, 
however,  by  the  fact  that  feedback  in  the  form  of  the  cor¬ 
rect  answer  is  given  immediately.  The  fact  that  some  rein¬ 
forcement  of  error  responses  does  take  place,  however,  might 
make  this  mode  somewhat  inferior  to  the  quiz  mode, 

A  third  type  of  presentation  mode  is  the  single  try 
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mode0  The  pupil  makes  an  overt  response  and  is  then  told 
whether  he  is  right  or  wrong.  This  means  that  knowledge  of 
results  is  at  a  medium  level  and  that  reinforcement  is  re¬ 
duced  considerably,  being  dependent  on  error  rate.  Since 
the  pupil  is  not  told  the  correct  answer,  the  wrong  one  may 
not  be  extinguished. 

The  practice  mode  of  presentation  requires  that  the 
pupil  make  responses  until  he  is  right.  The  feedback  con¬ 
sists  of  only  an  indication  that  the  right  or  wrong  choice 
has  been  made.  Several  limitations  are  apparent.  Reinforce¬ 
ment  can  occur  only  when  the  correct  choice  is  made; and  since 
this  type  of  practice  lends  itself  only  to  some  form  of 
multiple  choice  program,  error  rate  can  be  high.  It  has 
the  advantage,  however,  of  providing  the  pupil  with  the  right 
answer  and  depending  on  the  number  of  choices  available  in 
the  frame,  it  may,  for  this  reason,  be  superior  to  the  single 
trv  mode. 

A  fifth  type  of  presentation  is  the  textbook  type  of 
study  in  which  the  learner  merely  reads  the  material  to  be 
learned.  He  is  not  asked  to  respond  and  for  this  reason 
there  is  limited  feedback  and  no  reinforcement  except  such 
reinforcement  as  may  accrue  from  completion  of  the  task  in¬ 
volved.  It  is  to  be  noted  that  there  is  also  no  possibility 
of  error  response  unless  one  conceives  of  this  more  broadly 
in  the  sense  that  misunderstanding  due  to  lack  of  discrimin¬ 
ation  may  take  place.  This  would  probably  be  a  function  of 
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xlie  test  mode  is  also  similar  in  some  ways  to  conven- 
tional  instruction .  ihe  student  is  presented  with,  material 
which  he  reads,  is  then  asked  to  take  a  test  which  is 

scored  by  the  examiner  and  returned  later,  at  which  time 
tne  students  may  check  their  work  and  ,  if  the  examiner  so 
desires,  a  discussion  may  take  place,  in  anv  case,  though 
there  is  feedback,  it  comes  later  than  it  would  in  the  other 
types  of  presentation.  Jince  feedback  must  be  given  quickly 
for  reinforcement  to  be  effective,  this  practice  mode  is 
less  effective  end  the  error  rate  may  be  considerably  in¬ 
creased.  Errors  made  tend  to  be  reinforced  and  the  effects 
of  such  reinforcement  are  not  cancelled  out  by  immediate 
feedback. 

i’or  the  most  part  investigators  up  to  this  time  have 
proceeded  on  the  basis  that  programs  can  be  examined  by  re¬ 
search  involving  one  variable  at  a  time.  It  is  the  contention 
of  this  paper  that  the  method  of  programmed  instruction  which 
will  result  in  effective  learning  is  a  matter  for  studv  bv 
means  of  examining  the  interaction  effects  of  a  number  of 
important  variables  related  to  learning.  Not  only  do  feed¬ 
back  factors,  subject  factors  and  task  factors  enter  the 
picture,  but  the  intelligence  level  of  the  pupil,  the  nature 
of  the  programmed  material  and  the  equipment  available  to 
automate  instruction  are  also  of  importance  and  research 
must  undertake  to  examine  these  variables  as  they  appear  in 
instructional  situations  --  namely,  as  a  unit  each  part  of 
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which  may  contribute  to  differences  in  the  amount  and  rate 
learned . 

Postulates 

The  basic  idea  of  this  thesis  is  that  the  process  of 
instruction  can  be  considered  as  a  subject  for  explicit 
study  leading  to  a  technology  of  instruction  and  perhaps 
form  the  basis  for  further  research  in  the  development  of  a 
theory  of  instruction  which  will  take  into  account  such 
variables  as  the  structure  of  a  specific  subject  matter, 
learning  theory  and  method  of  presentation.  This  is  not  to 
say  that  known  principles  of  learning,  which  have  been  based 
to  a  large  extent  on  animal  studies,  are  not  of  value.  It 
does  suggest,  however,  that  the  interacting  effects  of  many 
of  these  principles  can  be  determined  through  the  use  of 
programmed  instruction  and  that  knowledge  thus  gained  can 
be  useful  in  improving  classroom  instruction.  On  this  basis 
the  following  postulates  are  submitted. 

I,  Retention 

Retention  is  a  function  of  the  method  of  instruction 
used.  Best  results  will  be  obtained  if  reinforcement 
is  at  optimum  level  and  if  it  is  given  as  soon  as 
possible  after  the  response  has  been  elicited,  .as 
distinct  from  reinforcement,  feedback  is  important 
in  guiding  the  learning  process  and  making  reinforce¬ 
ment  possible.  It  directs  the  learner  to  make  the 

Jince  overt  wrong  responses  may  be 
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reinforced ,  it  is  important  that  feedback  be  given 
immediately  so  that  the  effects  of  the  wrong  response 
may  be  reduced.  If  the  feedback  is  given  early  in 
the  learning  process  -  that  is,  during  each  step  of 
the  learning  process,  error  rate  will  be  reduced  end 
the  reinforcement  ratio  will  be  higher. 

II  Practice 

A.  The  type  of  practice  which  is  best  during  initial 
learning  is  determined  by  the  retention  criterion: 

1,  If  the  retention  criterion  requires  recall, 
practice  with  constructed  responses  should  prove  to  be 
superior. 

8.  If  the  retention  criterion  requires  recognition, 
practice  with  multiple-choice  type  items  should  be 
superior. 

B.  The  type  of  practice  response  which  results  in  the 
best  learning  to  a  criterion  is  a  function  of  the  type 
of  learning  to  be  done.  If  the  pupil  already  possesses 
the  repertoire  of  symbols  needed  in  responding  to  the 
presented  material,  a  constructed  response  may  not  be 
necessary.  Thus  a  constructed  response  should  be  best 
suited  to  such  tasks  as  learning  a  foreign  language 

and  may  be  superfluous  in  such  subjects  as  social 
studies.  Age  may  be  a  further  factor  --  that  is,  a 
young  child  might  gain  more  from  constructing  a  re¬ 
sponse  than  would  an  older  person  for  whom  responding 
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in  this  way  is  already  a  motor  habit. 

Ill  Variability 

A,  The  variability  or  scores  on  a  criterion  test  is 
a  function  both  of  the  method  of  instruction  and  of 
the  type  of  material  under  study.  If  the  program  con¬ 
sists  of  steps  which  are  optimal  for  the  subject  taught 
and  for  the  learner  involved;  if  feedback  is  adequate 
to  keep  reinforcement  at  an.  optimum  and  error  rate  low; 
that  is,  if  good  teaching  is  being  carried  out,  homo¬ 
geneity  will  increase.  There  is  little  evidence,  how¬ 
ever,  that  this  will  be  true  if  higher  mental  processes 
are  involved  or  if  time  is  taken  into  account  as  a 
factor.  It  is  therefore  further  postulated  that  homo¬ 
geneity  will  decrease  as  difficulty  of  subject  matter 
increases.  Brighter  pupils,  released  from  the  re¬ 
strictions  of  the  conventional  classroom.,  will  produce 
superior  gains  when  using  programmed  instruction. 

B,  The  type  of  program  to  be  used  is  determined  by 
the  aptitude  level  of  the  pupils.  Pupils  with  high 
ability  will  be  able  to  progress  more  quickly  with 
larger  steps.  Less  frequent  feedback  is  necessary 
and  reinforcement  must  be  arranged  in  such  a  way  that 
motivation  is  maintained  at  an  ontimum  level.  It 
appears  that  a  variable  ratio  of  reinforcement  is  the 
most  satisfactory  arrangement  for  school  type  tasks. 
Whether  such  an  arrangement  will  be  adequate  depends 


. 


» 


...  _  t 


t 

It 

i- 


< 

,  • 

. 

„ 

* 


. 


7 3 


on  the  attitude  of  the  learner  both  toward  the  sub¬ 
ject  being  taught  and  toward  the  method  being  used  in 
instruction , 

IV  Resp on s e  Mo d  e 

The  advantages  to  learning  which  accrue  from  the  con¬ 
struction  of  a  response  are  a  function  of  error  rate 
in  a  program,  ^n  overt  wrong  response  is  more  diffi¬ 
cult  to  extinguish  than  is  a  wrong  response  made 
covertly.  If  the  pupil  sees  or  "thinks”  the  wrong 
answer,  but  does  not  construct  it,  he  can  more  easily 
re-learn  the  correct  response  and  extinguish  the  wrong 
one  —  i.e.,  the  associative  strength  of  an  incorrect 
overt  response  is  greater  than  that  effected  by  an  in¬ 
correct  covert  response.  Reinforcement  of  a  correct 
overt  response  is,  however,  no  more  effective  than 
reinforcement  of  a  correct  covert  response.  (Stolurow, 
1961) o 

V  Time 

The  time  required  to  complete  a  program  successfully 
will  be  determined  by  the  amount  of  activity  required 
of  the  subject.  If  the  type  of  material  is  such  that 
a  new  reoertoire  of  symbols  is  not  required ,  a  simple 
teaching  device  which  provides  for  a  small  delay  be¬ 
tween  presentation  of  the  stimulus  item  and  the  feed¬ 
back  will  be  sufficient.  My  slight  gains  in  learning 
or  retention  for  subjects  who  construct  responses  will 
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be  outweighed  by  a  saving  of  time  for  those  who  re¬ 
spond  covertly. 

.Specific  Hypotheses 

I  Learning  is  a  function  of  the  interaction  between 
the  method  of  presentation,  the  mode  of  practice  and 
the  mode  of  response.  When  the  best  combination  of 
these  variables  is  used,  learning  will  be  at  a  maxi¬ 
mum,  other  things  being  equal.  The  extent  of  the 
presence  of  a  specific  variable  is  inherent  in  the 
design  of  the  program.  This  study  will  compare  four 
of  the  presentation  modes  --  namely,  the  quiz  mode, 
modified  quiz  mode,  no-practice  mode  and  the  test 
mode.  The  following  results  are  hypothesized. 

a)  Pupils  using  the  quiz  mode  will  score  highest 
on  the  criterion  test  and  will  cover  the  work  more 
quickly  than  pupils  using  the  modified  quiz  mode  in 
which  there  is  some  possibility  of  error  because  feed¬ 
back  is  not  immediate  while  original  learning  is  taking 
place  0 

b)  Pupils  using  the  modified  quiz  mode  will  score 
higher  on  the  criterion  test  than  pupils  using  the 
test  mode  or  the  no-practice  mode  because  there  is 
less  feedback  in  the  latter  programs  and  more  possib¬ 
ility  of  error  reinforcement. 

c)  Pupils  using  the  no-practice  mode  will  do  better 
than  those  using  the  test  mode  which  provides  no  feed¬ 
back  and  may  be  accompanied  by  many  error  responses. 


, 


O 

.  d  < 


. 

, 

\  . , 

.  : 

. 

-  J 


75 


d)  Pupils  using  the  test  mode  will  achieve  the 
lowest  mean  score  on  the  criterion  test. 

II  There  is  an  interaction  effect  between  the  pre¬ 
sentation  mode  used  and  the  intelligence  of  the  pupil . 
It  is  therefore  hypothesized  that: 

a)  pupils  who  achieve  high  scores  on  scholastic 
aptitude  tests  will  do  just  as  well  on  programs  which 
do  not  require  overt  responses  as  on  programs  which  do 
require  overt  responses  but  which  do  not  supply  maxi¬ 
mum  feedback  and  reinforcement; 

b)  pupils  who  make  low  scores  on  scholastic  apti¬ 
tude  tests  will  do  better  with  programs  requiring 
overt  responses  and  supplying  maximum  reinforcement 
and  feedback, 

III  The  time  taken  to  complete  each  program  is  a 
function  of  the  amount  of  participation  required  of 
the  pupil . 

a)  The  no-practice  mode  will  require  the  least 
amount  of  time  because  it  requires  reading  only. 

b)  The  quiz  mode  will  be  second  because  there  is 

a  delay  after  the  presentation  of  each  item  while  the 
machine  is  asked  for  the  correct  answer, 

c)  The  modified  quiz  mode  will  rank  third  because 
time  is  needed  to  construct  the  answer  and  then  to 


check  it. 


. 

, 

1  ' 

, 

. 

. 


. 


76 


d)  The  test  mode  will  take  the  most  time  because 
it  is  necessary  to  read  the  item  until  it  is  learned 
and  then  to  think  about  the  answer  afterwards. 


■ 


77 


CHAPTER  IV 

METHOD  -AND  EXPERIMENTAL  DESIGN 

Four  methods  were  used  to  present  programmed  materials 
to  the  subjects  in  this  study.  The  quiz  and  modified  quiz 
programs  were  presented  on  the  Dadak  501,  a  partially 
adaptive  teaching  device.  The  no-practice  group  received 
their  materials  each  day  in  the  form  of  a  mimeographed 
booklet*  Insofar  as  wording  permitted,  the  frames  of  this 
latter  program  were  kept  identical  to  those  in  the  first 
two  methods  of  presentation.  The  test  mode  group  were  also 
given  their  instructional  materials  in  booklet  form,  but 
received  each  day  an  additional  booklet  containing  a  short 
quiz  based  on  that  dayTs  lesson.  The  criterion  test  was 
bound  in  a  separate  booklet  with  the  directions  for  taking 
the  test  affixed  to  the  front  of  the  booklet.  A  copy  of 
the  criterion  test  is  to  be  found  in  Appendix  xj.  Sample 
copies  of  the  four  programs  have  been  reproduced  in 
Appendix  C. 

The  Program 

The  basic  program  consisted  of  226  frames  au anted  from 
a  nr og rammed  text  called  Png.  1  i s h  2  6_(A 2 .  ihe  program  dealt 
with  grammatical  analysis  and  synthesis  involving  simple, 
compound  and  complex  sentences  and  the  recognition  of 
adjective  and  adverb  clauses.  (Dee  Blumenthal,  1960, 
frames  692-965.) 
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This  basic  program  w as  adapted  to  suit  each  instruct¬ 
ional  method  and  the  material  was  presented  as  follows: 

Group  d,  (Q,uiz  Mode)  The  material  was  presented  by  means 
of  the  Didak  501.  The  pupil  was  instructed  to  read  the 
item  and  to  "think”  the  answer  before  pushing  the  lever 
revealing  ’idle  correct  answer  for  that  frame.  It  was  assum¬ 
ed  that  these  instructions  would  produce  a  covert  response 
during  the  interval,  between  the  presentation  of  the  stimu¬ 
lus  item  and  the  correct  response.  This  program  was  con¬ 
sidered  to  be  a  modified  form  of  the  okinner-type  of 
constructed  response,  linear  program, 

G-roun  (Modified  Quiz  Mode)  This  group  also  used  the 
Didak  501,  but  were  asked  to  construct  an  answer  to  each 
frame  before  proceeding  to  the  next.  They  then  compared 
the  written  answer  to  the  one  provided  by  the  machine.  No 
correction  was  required  before  proceeding,  but  if  the  sub¬ 
ject  made  a,  wrong;  response  he  was  asked  to  depress  the 
error  counter  using  the  device  available  on  the  machine. 

In  this  way  the  number  of  errors  made  each  day  by  each 
pupil  could  be  recorded.  The  pupil  then  proceeded  to  the 
next  item. 

Group  NP  (No  Practice  Mode)  This  group  received  the 
materials  in  booklet  form.  The  information  was  printed  in 
the  form  of  frames  identical  to  those  used  oy  groups  Q,  and 
MQ,  but  the  answers  were  provided  as  a  part  of  the  inform- 

In  order  to  draw  attention  to  these  answers 
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they  were  underlined*  This  method  was  in  some  ways 
similar  to  a  textbook  type  of  presentation* 

Grro up  T  (Test  Mod e )  This  group  was  given  the  material 
in  textbook  form*  No  underlining  was  used,  but  a  quiz 
was  given  after  each  day’s  lesson.  The  quiz  consisted  of 
10  items,  approximately  50  per  cent  of  which  were  later 
to  be  taken  on  the  criterion  test  and  50  per  cent  of  which 
were  considered  to  be  transfer  items.  The  quiz  was  scored 
by  the  experimenter  and  returned  the  following  day  without 
discussion.  This  latter  method  may  be  considered  to  be 
similar  to  methods  used  in  a  conventional  classroom. 

Nature  of  the  Test 

The  test  used  in  this  study  was  designed  to  serve  two 
major  purposes:  a)  as  a  pre-test  for  the  purpose  of 
choosing  subjects  for  the  experiment  and  b)  as  a  criterion 
test  to  determine  the  amount  gained  by  pupils  used  in  the 
experiment.  The  actual  unit  of  study  surveyed  by  the  test 
is  called:  ’’Understanding  the  Sentence  Unit  and  Building 
Better  Sentences”.  (Blumenthal,  1960) 

The  main  objectives  to  be  measured  are  set  down,  in 
the  test  blueprint,  Table  III.  These  objectives  are 
patterned  after  the  six  main  educational  objectives  set 
down  by  Bloom  et  aJL  { 1956)  in  their  compilation  called  a 
Taxonomy  of  Uducatlonal  Objectives*  Four  of  the  six 
objectives  from  Bloom  et  al  have  been  used,  including 
knowledge,  analysis,  synthesis  and  evaluation. 
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The  four  subtopics  in  this  unit  ere  listed  at  the  top 
of  each  column  in  fable  II,  ,  while  the  seven  objectives 
are  listed  in  the  left  hand  column,  fhe  percentages  of 
the  total  number  of  items  which  were  to  be  assigned  to 
each  separate  topic  and  objective  are  listed  below  the  re¬ 
spective  headings.  Each  cell  in  Table  III  contains  notes 
on  the  subject  matter  to  be  covered  in  the  unit  and  below 
each  note  is  the  number  of  items  which  were  used  to  test 
the  content  of  that  section  of  the  work.  The  test  contains 
65  items  for  which  a  test  time  of  40  minutes  was  allotted. 
Of  the  total  number  of  items,  42  are  variations  of  the 
multiple  choice  question  using  either  two,  three  or  four 
alternatives.  The  remaining  items  require  the  pupils  to 
construct  answers.  It  was  hoped  that  these  items  couj.d 
be  used  to  ascertain  whether  or  not  the  pupils  had  ade¬ 
quately  learned  to  use  the  grammatical  knowledge  of  the 
unit  in  a  practical  situation.  It  was  felt  that  only  by 
this  type  of  test,  in  which  there  was  a  wide  variety  of 
items,  could  the  objectives  and  subject  matter  covered  be 
adequately  tested. 

Nature  of  the  Test  Temple 

The  test  was  prepared  for  a  trade  VII  language  class 
considered  to  be  fairly  typical  of  those  lound  elsewhere 
in  alberta.  It  was  administered  to  the  entire  Grade  VTI 
class  of  a  school  in  lasper  Place.  This  involved  a  total 
of  92  subjects.  The  intelligence  quotients  of  this  group 
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ranged  from  7b  to  149  on  the  Lorge  Thorndike  Verbal  In¬ 
telligence  lest .  The  age  range  of  the  groun  was  from 
lr  years  G  months  go  15  years  4  months#  The  test  was  also 
given  to  a  heterogeneous  class  in  a  Calgary  Public  School, 
and  this  group  was  included  in  the  calculation  of  the  re¬ 
liability  coefficient. 

Test  Items 

The  test  items  were  prepared  by  the  writer  and  sub¬ 
mitted  to  a  group  of  school  teachers  to  be  checked  for 
content  and  appropriateness#  After  the  necessary  revisions 
were  made,  the  items  were  printed  and  set  up  in  booklet 
form#  The  hud  er— Tic  hard  son  formula  No#  21  was  used  to 
check  the  reliability  of  the  test.  This  was  calculated 
to  be  ,91# 

Although  the  test  consisted  of  65  items,  it  was 
hoped  that  the  items  would  be  sufficiently  difficult  so 
that  even  the  brighter  pupils  might  make  substantial  gains 
as  a  result  of  the  instructional  program#  It  was  antici¬ 
pated  that  the  frequency  distribution  of  the  scores  for 
the  sample  used  on  the  pre-test  would  be  positively  skewed, 
discriminating  more  adequately  at  the  higher  score  levels. 
Table  III  shows  the  frequency  distribution  of  scores  made 
by  pupils  on  the  pre-test. 

Directions  and  administration 

The  introductory  page  enclosed  in  each  test  booklet 
gave  the  testee  the  necessary  instructions.  Once  the 
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TABLE  III 

GROUPED  FREQUENCY  DISTRIBUTION  OP  SCORES 
ON  LANGUAGE  PRE-TEST  GIVEN  TO  125  GRADE  VII 
STUDENTS  PROM  2  ALBERTA  SCHOOLS 


Interval 

Pupils  Tested 
in 

Pupils  Used 
in 

Pupils  Tested 
in 

Total 

Jasper  Place 
uchool 

Exp,  Study 

Calgary 

School 

60  - 

64 

1 

1 

55  - 

59 

1 

1 

2 

50  - 

54 

7 

2 

9 

45  - 

49 

8 

r? 

o 

11 

40  - 

44 

8 

3 

11 

35  - 

59 

8 

5 

13 

30  - 

34 

10 

6 

6 

16 

25  - 

29 

7 

5 

5 

12 

20  - 

24 

14 

11 

3 

17 

15  - 

19 

14  * 

10 

3 

17 

10  - 

14 

10 

7 

1 

11 

5  - 

9 

2 

1 

0 

2 

0  - 

4 

2 

1 

3 

N  =  92 

N  =  40 

N  =  33 

N  =  125 

Mean 

29.1 

20  o  75 

32 .4 

30,04 

OoDo 

14.15 

6  o  75 

12.20 

15.27 

Median 

26.7 

20.2 

32.0 

29,5 
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background  ciata  had  been  completed  by  the  subjects,  the 
teso  administrator  read  the  paragraph  ^Directions  ior 


Writing  the  rest 11  with  the  group,  ihe  command  to 
tiie  test  was  given  j  and  the  test  period  proceeded 
iorty  minutes,  ait er  wnich  ti  le  the  booklets  were 


begin 

for 

collec¬ 


ted. 


A  copy  of  the  test,  together  with  instructions  for 
scoring,  is  presented  in  Appendix  3.  x.acn  item  was  allot¬ 
ted  one  mark  for  a  total  possible  score  of  65.  in  order 
to  correct  for  guessing  the  usual  correction  formula  was 

used:  Scores  bights—  Wrongs 

n~l 

where  n  equals  the  number  of  alternatives. 

Table  IV  is  a  summary  of  the  item  difficulty  and  dis¬ 
crimination  index  for  the  total  pre-test  group  where  N 
is  equal  to  125. 

3ub,i  ects 

Of  tne  three  classes  (92  students)  tested  in  -Jasper 
Place,  one  class  had  been  directly  taught  some  of  the 
material.  This  was  reflected  in  the  scores  on  tne  pre-test. 
Therefore  the  one  class  was  eliminated  from  the  study,  of 
the  remaining  60  pupils  those  with  scores  over  35  were  also 
eliminated.  Two  pupils  were  excluded  because  there  was 
reason  to  believe  that  their  scores  on  the  pre-test  were 
invalid  because  of  a  language  difficulty.  Three  more  had 
extremely  low  intelligence  scores  and  were  also  excluded. 
Thus  25  students  remained.  The  middle  15  were  discarded 
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TABLE 


IV 


ITEM  DIFFICULTY  AND  DISCRIMINATION  INDEX  OF 
05  ITEMS  BASED  ON  PRETEST  SCORES  (N  =  125) 


Item 

NOo 

p1 2 

r  T 

Item 
No . 

P 

r 

Item 

i* »  0  o 

P 

r 

1 

,54 

,  64 

21 

,62 

.68 

46 

.34 

,48 

2 

.38 

,28 

22 

.77 

,95 

47 

.49 

,45 

3 

,  68 

,37 

23 

,75 

.89 

48 

.29 

.59 

4 

,58 

,45 

24 

.74 

.70 

49 

,31 

.54 

5 

.41 

o  28 

25 

,67 

.35 

50 

,91 

.70 

6 

.70 

o  68 

26 

.58 

.70 

51 

.57 

,61 

7 

.38 

.51 

27 

.  61 

,62 

52 

,69 

.31 

8 

•  66 

,73 

28 

.58 

.86 

53 

,83 

.29 

9 

.43 

,61 

29 

.38 

.65 

54 

.43 

.68 

10 

,  65 

.34 

30 

.78 

,57 

55 

.50 

.15 

11 

,85 

o  22 

31 

.58 

,65 

56 

,66 

.30 

12 

,98 

,05 

32 

,78 

,34 

57 

.63 

.44 

13 

,58 

,41 

33 

,80 

.70 

58 

,38 

-.18 

14 

,94 

.  60 

34 

.38 

.66 

59 

,80 

•  68 

15 

.73 

,70 

35 

.42 

,62 

60 

.57 

,60 

16 

,72 

,91 

36 

.64 

,34 

61 

.64 

,35 

17 

.72 

.36 

37 

,  51 

,59 

62 

.57 

.  55 

18 

,72 

.91 

38 

.36 

,10 

63 

.69 

.75 

19 

.75 

.69 

39 

.58 

,65 

64 

.59 

.61 

20 

.79 

.74 

40 

,86 

•  46 

65 

.50 

.43 

41 

/ 

,39 

,58 

42  . 

,75 

.48 

43 

.19 

.31 

44 

.52 

.76 

45 

,55 

,75 

1  p  =  Item  Difficulty,  proportion  right. 

2  r  -  Discrimination  Index  from  Tetrachoric  Tables 
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to  give  two  dichotomized  groups  of  20  high  and  20  low 
IQ  students.  The  means  of  these  two  groups  were  now  sub¬ 
mitted  to  a  t-test  to  determine  whether  or  not  they  were 
significantly  different  from  each  other  0  At  of  7,72  was 
calculated  indicating  that  with  38  degrees  of  freedom  the 
difference  was  significant  at  the  .001  level ,  The  two 
groups  were  then  subdivided  into  four  groups  of  five  each 
by  using  a  table  of  random  numbers. 

Procedure 

The  pre-test  was  given  one  week  nrior  to  the  begin¬ 
ning  of  the  experiment.  After  the  subjects  had  been 
assigned  randomly  to  groups  Q,  MQ,  NP  and  T,they  were 
scheduled  to  work  at  the  programs  once  a  day  for  three 
successive  days.  The  only  instructions  given  consisted 
of  telling  the  pupils  that  they  were  all  participating  in 
an  experiment  and  that  they  would  be  tested  immediately 
after  the  three-day  learning  period  to  see  how- much  they 
had  learned.  No  time  limit  was  set  for  completion  of  each 
day’s  work  and  pupils  were  encouraged  to  work  carefully. 
After  some  sample  items  had  been  attempted  to  familiarize 
each  subject  with  the  program  and  the  machine,  present¬ 
ation  of  material  was  begun.  A  record  was  kept  for  each 
subject  of  time  taken  to  complete  each  of  the  three  sets 
of  frames.  In  the  case  of  group  MQ  each  student  also 
kept  a  record  of  the  number  of  errors  he  had  made. 

Members  of  group  T  were  informed  each  day  of  the  number  of 
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errors  made  on  the  quiz  for  the  previous  day.  They  were 
allowed  to  check  their  papers,  hut  discussion  was  not 
encouraged.  The  final  test  was  given  on  the  fourth  day. 
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CHAPTER  V 


ANALYSIS  OP  THE  DATA 

The  first  step  in  the  analysis  of  the  experimental 
data  was  to  submit  this  data,  to  an  analysis  of  variance  and 
covariance,  (dee  Winer ,  pp •  570—6 Ob*)  The  results  of  tiie 
analysis  are  presented  in  this  chapter  together  with  other 
pertinent  data.  Discussion  of  the  experimental  results  is 
found  in  Chapter  VI. 

Pres  ent  at  ion  .  te  t  ho  d  s 

Preliminary  to  the  analysis  of  variance  and  covariance 
tests  for  the  homogeneity  of  variances  were  conducted  on 
the  pre-test  and  post-test  scores  using  Hartley* s  procedure 
reported  in  Winer  ,  1962,  pp .  93-9*+*  The  results  of  these 
tests  showed  that  the  wi thin-cell s  variances  were  homo¬ 
geneous.  In  order  to  ascertain  if  it  were  appropriate  to 
use  a  pooled  within— class  regression  coefficient  for  the 
analysis  of  covariance,  the  test  for  homogeneity  of  wi  thin- 
class  regression  was  conducted.  (dee  Winer,  o,  599.)  The 
test  for  homogeneity  was  satisfied. 

The  summary  of  the  analysis  of  variance  and  covariance 
is  found  in  Table  V.  The  analysis  of  variance  indicates 
a  difference  in  presentation  methods  significant  at  the  .01 
level.  When  the  covariate  (.pre-test  score)  is  taken  into 
account,  the  error  variance  is  reduced  and  tne  difference 
among  presentation  methods  reaches  an  even  higher  level  of 
significance  at  the  .001  level. 
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A  further  examination  of  Table  V  indicates  that  there 
is  no  significant  difference  in  IQ  levels.  An  interaction 
effect  is,  however,  observed  and  is  significant  at  the  .05 
level.  The  estimate  of  the  square  of  the  within- cell  cor¬ 
relation  is  This  indicates  a  correlation  between 

pre-test  and  post-test  scores  of  approximately  .67.  The 
mean  square  due  to  experimental  error  in  the  analysis  of 
covariance  is  approximately  .55,  and  this  indicates  the 
amount  of  error  not  predictable  by  the  covariate. 

Table  Vi  shows  the  adjusted  criterion  means  for  cells, 
methods  and  iQ  levels.  This  adjustment  was  made  by  trie 
procedure  reported  in  diner,  p.  599  using  the  common  pooled 
within-class  regression  coefficient. 

Table  Vli  indicates  the  results  of  applying  Duncan’s 
multiple  Mange  Test  (.Edwards,  i960)  to  the  adjusted  treat¬ 
ment  means  of  the  criterion  test,  inspection  of  Table  Vi 
indicates  that  the  order  of  the  magnitude  of  these  means 
is  Q,  MQ,  NP  and  T.  There  is  no  significant  difference 
in  mean  achievement  between  groups  Q  and  MQ  or  between 
groups  T  and  IIP.  There  is,  however,  a  highly  significant 
difference  between  these  pairs  of  presentation  methods — 
that  is,  mean  achievement  for  groups  Q  and  MQ  is  signifi¬ 
cantly  greater  than  for  groups  T  and  MP. 
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TABLE  V 


TWO-WAY  ANALYSIS  OF  VARIANCE  OF  POSTTEST  SCORES 
AT  TWO  LEVELS  OF  INTELLIGENCE  AND 


FOUR  METHODS  OF  PRESENTATION 


Source  of 
Variation 

SS 

d.f  o 

MS 

F 

IQ  Level 

397 

1 

397 

3  ot  7 

l ethods 

1510 

3 

503 .3 

5.03 

Interaction 

20  6 

3 

68.6 

Error 

3207 

32 

100.2 

Total 

5320 

F  .(3/32)  2.92  F  Wl/32)  U.17 

F.99(3/32)  U.51  F*||(l/32)  7.56 


TWO-WAY  ANALYSIS  OF  COVARIANCE  OF  POSTTEST  SCORES 
AT  TWO  LEVELS  OF  INTELLIGENCE  AND 
FOUR  METHODS  OF  PRESENTATION 


Source  of 
Variation 

SS 

d.f. 

MS 

F 

IQ  Level 

222 

1 

222 

LuOl 

Methods 

2096 

3 

698.6 

12.63 

Interaction 

U30 

3 

173.3 

3.13 

Error 

Total 

1769 

U517 

31 

55.3 

F  95(3/31)  2.92  F  (3/31)  U.17 

F.gO/31)  U.51  F*||(1/31)  7.56 
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TABLE  VI 


ADJUSTED  CRITERION  MEANS 


IQ 

Methods 

Level 

Q 

MQ 

T 

NP 

All 

A-High 

ilQ.l 

UO  *2 

27.6 

26.8 

33.7 

B-Lovr 

3  6.6 

35.4 

18.7 

26.6 

29.4 

Both 

38.2 

37.8 

23 .1 

26.7 

31.5 

X  *5 


* 


* 


. 
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TABLE  VII 
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DUNCAN  *  S  MULTIPLE  RANGE  TEST  ON  ADJUSTED  MEANS  OF 

PRESENTATION  METHODS 


Methods 

Shortest  Signifi¬ 
cant  Range 

T- 

NP 

MQ 

Q 

Mean 

23.1 

26.7 

37.8 

38.2 

Sig. 

Level 

.03  |  .01 

23.1 

3.6 

1U.7 

19.1 

6.1k 

8.22 

26.7 

11.1 

11.3 

6.U6 

8.37 

37.8 

• 

•h 

6.6  7 

8.72 

Note  r  Any  two  treatment  means  not  underscored  by 
the  same  double  line  are  significantly  different. 

Any  two  treatment  means  underscored  by 
the  same  double  line  are  not  significantly  different. 
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intelligence  Factors  and  Gain  bcores 

The  analysis  of  the  data  up  to  this  point  has  been 
based  on  the  adjusted  treatment  means  of  the  criterion 
test,  in  order  to  make  the  interpretation  more  meaning¬ 
ful  gain  scores  were  analyzed  and  related  to  intelligence 
test  scores  by  correlation  procedures.  Table  Viii  summari¬ 
zes  the  mean  gain  scores  for  the  four  experimental  groups 
and  also  shows  separate  mean  gains  for  each  high  and  low 
IQ  group,  it  will  be  seen,  with  reference  to  Table  V, 
that  there  is  no  significant  difference  in  achievement 
among  iQ  levels:  however,  an  examination  of  the  direction 
of  the  means  indicates  that  in  general,  at  least  in  this 
experiment,  high  IQ  groups  learn  more  efficiently  than  do 
low  IQ  groups  when  material  is  programmed. 

bince  sucn  a  relationship  between  IQ  and  gain  scores 
is  contrary  to  many  research  findings,  bp ear  ia  - 1 s  rho  was 
calculated  between  gain  scores  and  intelligence  for  eacn 
of  the  four  experimental  groups.  These  correlation  co¬ 
efficients  appear  in  Table  IX  and  tend  to  indicate  that  in 
the  case  of  the  Quiz  and  modified  Quiz  metnods  of  presen¬ 
tation  there  is  little  correlation  between  intelligence 
and  gain,  in  the  Test  and  iio  Practice  presentations  there 
is  a  positive  relationship  between  gain  scores  and  1q  mea¬ 
sures  when  the  total  group  of  ten  is  taken  into  account. 
Unly  the  correlation  for  T  is  significant  at  the  .05  level. 
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TABLE  VIII 

MEAN  GAIN  SCORES  FOR  FOUR  METHODS  OF  PRESENTATION 

AT  TWO  LEVELS  OF  IQ 


IQ  Level 

Q 

MQ 

T 

NP 

Total 

Group 

A-High 

19.1* 

19.8 

7.0 

6.U 

13.15 

B-Low 

16.  U 

15.0 

-1.6 

6.2 

9.0 

Both  Level.  3 

17 

17.  h 

2.7 

6.3 

11.08 

. 
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TABLE  IX 

CALCULATION  OF  SPEARMAN* S  EHC  BETWEEN  IQ  B 

GAIN  SCORES  FOR  FOUR  PRESENTATION  METHODS 
AT  TWO  LEVELS  OF  IQ 


IQ 

Level 

Method  of  Presentation 

Q 

MQ 

T 

NP 

A-High 

.05 

.07 

.37 

.28 

B-Low 

* 

1 

.25 

.12 

.16 

Both 

Levels 

.12 

.19 

.59^ 

•U5 

vSignificant  at  .05 


Note:  The  pearson  Product  Moment  Correlation  Coeffi¬ 
cient  for  total  group  (K=U0)  was  calculated  to  be  .18. 
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Time 

Table  X_  indicates  the  average  time  taken  by  each  of 
the  four  experimental  groups  to  complete  the  program. 

Group  Q  was  able  to  complete  the  program  most  quickly  with 
a  mean  time  of  87.8  minutes.  Groups  T  and  NP  did  not  dif¬ 
fer  markedly  from  this  pattern,  but  Group  HQ ,  who  had  to 
construct  responses  to  each  item,  used  considerably  more 
time,  ranging  from  103-165  minutes,  with  a  mean  time  of 
13-0.3  minutes. 

An  attempt  was  made  to  use  time  as  a  second  control¬ 
ling  variable  in  an  analysis  of  covariance,  but  when  the 
gain  scores  were  plotted  against  the  time  scores,  the  re¬ 
gression  lines  so  obtained  were  not  pa.raJ.lel  and  it  was 
concluded  that  a  further  analysis  of  -■  ^variance  using  time 
and  gain  scores  was  not  justified. 

Hrror  hate 

it  was  possible  to  obtain  error  score  during  presen¬ 
tation  only  for  group  MQ.  Table  X.I  summarizes  the  data 
available  showing:  a)  the  mean  and  median  error  score  for 
the  ten  subjects  on  eacn  day's  program;  b)  the  percentage 
of  frames  incorrectly  answered  by  subjects  in  MQ  each  day; 
and,  c)  the  range  of  errors  made  on  each  day's  program. 

Gpearman* s  rho  was  calculated  between  error  score  and 
time  taken  and  was  found  to  be  .M-h.  For  an  u  of  10  this  is 
not  significant.  The  correlation  between  IQ  and  error  rate 
was  calculated  to  be  ,03,  also  not  significant. 
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TABLE  X 

RANGE,  MEAN  AND  MEDIAN  TIME  IN  MINUTES 
TO  COMPLETE  PROGRAMS 


Method  of 

Presentation 

Total 

Q 

MQ 

T 

NP 

Group 

Mean 

87*8 

130.3 

9k. 2 

88.3 

100 .15 

Median 

86.0 

127.5 

96.0 

92.5 

98.0 

Range 

78-102 

103-165 

73-107 

65-110 

65-165 

TABLE  XI 


ANALYSIS  OF  ERROR  SCORES-  FOR  SUBJECTS  TAKING  MQ  PROGRAM 


Day 

1 

2  ! 

3 

Range 

2-16 

6-22 

7-23 

Median 

7.0 

12.0 

10.5 

Mean 

7.7 

13.1 

11.8 

Percentage  of 

Frames  Incor- 

lit 

17 

12 

rectly  Answered 

- 
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CHAPTER  VI 


DISCUSSION 

The  discussion  which  follows  will  be  based  primarily 
on  the  hypotheses  proposed  in  Chapter  111,  p.  '/V.  Addition¬ 
al  findings  will  be  discussed  when  these  appear  to  be  appro¬ 
priate  . 

Presentati on  net nod 

Hypothesis  I  stated  that  the  effectiveness  of  a  par¬ 
ticular  type  of  presentation  is  determined  by  the  inter¬ 
action  among  a  number  of  variaoies  sucn  as  the  mode  of  prac¬ 
tice,  the  mode  of  response,  reinforcement  scnedules,  feedback 
factors  and  possioiiity  of  mailing  error  responses.  Four 
methods  of  presentation  were  used  in  the  experiment.  It 
was  hypothesized  that  the  order  of  the  magnitude  of  the 
criterion  means  would  be  as  follows:  Q,  HQ,  HP  and  T. 

An  examination  of  the  adjusted  criterion  means  of  Table 
Vi.*,  p.  91  reveals  that  the  means  actually  did  fall  in 
this  order.  There  was,  however,  no  significant  difference 
between  methods  ^  and  MQ  or  be twee i  methods  HP  and  T. 

The  hypothesis  noted  aoove  indicated  that  reasons  ior 
superiority  of  one  method  of  presentation  over  another  lay 
in  the  inherent  qualities  of  tnat  program.  There  may,  how¬ 
ever,  be  a  number  of  other  reasons  for  the  superiority  of 
methods  Q  and  MQ.  in  the  first  place,  the  subjects  in 
and  MQ  were  using  a  machine  for  their  work,  while  groups 
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NP  and  T  were  using  booklets  containing  the  programmed 
material.,  it  is  quite  possible,  therefore,  that  motiva¬ 
tional  effects  generated  by  the  machine  could  account  for 
for  some  of  the  differences  observed  in  learning.  Further 
studies  should  be  carried  out  in  which  all  suo.jects  either 
use  a  machine  or  have  all  of  the  material  presented  in 
booklet  form 

A  second  possible  explanation  for  the  superior  achieve¬ 
ment  of  groups  Q  and  MQ  may  be  stated  in  terms  of  arousal 
theory,  it  may  be  that  the  presence  of  the  machine  in¬ 
creases  arousal  sufficiently  so  that  discrimination  is 
more  effective^  This  would  be  particularly  true  of  those 
pupils  known  as  underachievers  who  are  usually  unchallenged 
by  ordinary  classroom  procedures.  The  opposite  effect  might 
account  for  the  poor  achievement  of  the  test  presentation 
group.  If  these  pupils  had  fear  of  tests  then  the  presen¬ 
tation  of  such  a  test  would  increase  arousal  beyond  an 
optimal  level  and  discrimination  would  be.  adversely  affec¬ 
ted. 

A  third  possibility  for  the  superior  achievement  of 
groups  ^  and  MQ  suggests  itself.  The  subjects  in  these 
two  groups  worked  individually  while  those  in  groups  rIP 
and  T  did  their  studying  as  a  group.  This,  in  addition 
to  the  way  in  which  the  material  was  presented,  tended  to 
make  these  methods  of  presentation  similar  to  conventional 
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methods  of  classroom  presentation  in  the  eyes  of  the  pupils. 
Many  psychological  effects  might  arise  if  pupils  sensed 
this  similarity,  lor  example,  an  instructional  set  based 
on  past  experiences  with  “language**  as  a  subject  might  be 
present.  Students  who  had  failed  to  achieve  in  this  area 
previously  would  certainly  be  conditioned  to  avoid  activi¬ 


ty  related  to  any  kind  of  language  study, 
inhibition  might,  however,  be  overcome  if 
variable  were  altered— in  this  case,  the 
the  teaching  machine. 


This  conditioned 
some  motivatioal 
introduction  of 


Further  weight  is  lent  to  the  above  argument  by  the 
fact  that  many  of  the  pupils  in  group  f  actually  made  lower 
scores  on  the  post- test  than  they  did  on  the  pre-test. 
Pupils  are  so  conditioned  toward  the  regular  classroom 
test  that  they  tend  to  make  little  use  of  them,  in  fact, 
the  evidence  in  this  experiment  suggests  that  the  tests  may 
even  confuse  them  in  that  they  tend  to  learn  the  incorrect 
answer  which  they  supply  rather  than  the  one  supplied  by 
the  instructor  when  he  corrects  or  “takes  up"  the  test. 

This  difficulty  might  be  overcome  if  the  correct  answer 
were  given  immediately  after  the  answer  was  constructed  by 
the  pupil. 

X  X 

In  further  research  it  may  be  necessary  to  use  subject 
matter  which  is  entirely  unfamiliar  to  the  pupil.  At  the 


same  time  we  do  need  information  about  scuool  subjects  so 
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some  of  these  problems  cannot  be  avoided,  ihere  is  the 
added  possibility  that  programming  may  help  to  overcome 
some  of  the  difficulties  discussed  above,  for  example, 
those  pupils  who  dislike  language  and  are  not  learning  be¬ 
cause  of  experience  of  failure-  or  dislike  of  teachers 
could  perhaps  oe  re-trained  by  using  programmed  instruction, 
interaction 


hypothesis  Ii %  p.  75,  stated  that  there  is  an  inter¬ 
action  effect  between  presentation  mode  and  iQ.  it  also 
indicated  that  low  IQ  pupils  will  learn  more  effectively 
when  required  to  construct  responses,  but  that  there  will 
be  no  differences  for  high  Iq  groups,  inspection  of  fable 
V,,  p.  90,  indicates  that  tnere  is  a  significant  interaction 
between  IQ  and  method $  however,  on  inspection  of  the  adjus¬ 
ted  mean  criterion  scores  indicates  that  the  significance 
is  due  to  a  larger  than  expected  difference  for  the  test 
mode  and  a  smaller  than  expected  diflere  _ce  for  the  no- 
practice  mode.  Furthermore,  since  the  quiz  said  modified 


quiz  methods  of  presentation  were  superior  for  both  high 
and  low  IQ  groups,  there  is  no-  useful  interpretation  of 
this  interaction,  it  is  possible  that  the  dichotomy  between 
low  and  high  IQ  groups  was  not  sufficiently  great  for  a 
clear-cut  interaction  to  be  observed,  it  is  postulated 
that  a  clear  interaction  would  show  if  a  much  higher  IQ 


group  were  used  for  the  upper  level  in  a 


similar  experiment. 
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An  examination  of  TablelX,  p.95,  tends  to  support 
the  hypothesis  that  low  IQ  pupils  benefit  from  constructing 
responses.  For  group  Q  there  is  a  negative  relationship 
between  iQ  and  gain.  This  correlation  is  not  significant 
for  an  N  of  5;  but,  taken  together  with  the  positive  correl¬ 
ation  of  *25  Tor  the  low  IQ  group  in  MQ,  it  does  suggest 
that  constructed  responses  may  be  superior  for  pupils  in 
the  lower  IQ  categories. 

Further  examination  of  Table IX  supports  the  hypothesis 
that  correlations  between  gain  and  iQ  scores  are  higher  for 
classroom  types  of  presentation.  Pupils  are  used  to  this 
method  of  instruction  and  may  therefore  continue  to  work  at 
their  accustomed  or  conditioned  levels.  Subjects  in  groups 
Q  and  MQ,  who  used  the  machines,  probably  benefitted  from 
the  added  motivational  effects  present  and  underachievers 
worked  more  nearly  to  capacity,  thus  reducing  uhe  correl¬ 
ation  for  the  combined  high  and  low  IQ  groups.  Again 
caution  must  be  observed  in  interpretation  because  of  the 
small  number  of  subjects  in  each  cell.  A  change  in  rank 
in  only  one  case  may  make  a  considerable  difference  in 
the  rank  correlation  coefficient. 

Time 

Hypothesis  ill,  p.  75,  suggested  that  time  taken  to 
complete  each  program  is  a  function  of  the  amount  of 
participation  required  of  the  pupil,  it  was  postulated  that 
the  amount  of  time  taken,  from  least  to  most,  would  follow 
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the  order:  NP,  Q ,  MQ  and  T.  An  examination  of  Table  11, 
p.9'7j  indicates  that  the  actual  order  was:  Q,  IIP ,  T  and 
•HQ.  The  hypothesis  regarding  time  is  therefore  not  sup¬ 
ported  by  the  experimental  data.  There  was  no  significant 
difference  in  mean  time  taken  among  groups  Q,  T  and  NP, 
but  group  Q  took  significantly  more  time  because  they  had 
to  construct  responses  for  each  item. 

it  was  mentioned  previously  that  gain  scores  were 
plotted  against  time  scores  in  order  that  time,  might  be 
used  as  a  second  controlling  variable  in  the  analysis  of 
covariance.  The  regression  lines  thus  plotted  were,  how¬ 
ever,  not  parallel  and  no  analysis  on  this  basis  could  be 
made.  The  regression  lines  for  groups  Q  and  MQ  tended  to 
be  curvilinear.  This  suggests  that  there  is  probably  an 
optimum  time  or  pace  for  these  programs  and  would  argue 
for  the  use  of  machines  that  pace  the  program  according  to 
the  ability  of  the  individual  pupil. 

In  the  remaining  programs  there  was  a  slight  decrease 
in  gain  scores  with  time,  it  is  possible  that  lack  of  mo¬ 
tivation  may  account  for  this  decrease.  Again  these  were 
the  programs  which  bore  a  strong  resemblance  to  conventional 
types  of  classroom  instruction.  Since  group  MQ  achieved 
the  highest  mean  score  on  the  criterion  test  and  also  toon 
the  most  time,  the  instructor  must  decide  whether  or  not 
the  small  advantage  over  group  ^  is  worth  the  added  time 
taken  by  group  MQ.  it  would  seem  that  for  this  type  of 
material,  at  least,  the  Quiz  mode  is  superior. 
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nrror  Kate 

An  examination  of  Table  p*  9b,  indicates  that 

from  12-1 7  percent  of  the  items  were  incorrectly  answered 
by  the  subjects  in  MQ.  This  indicates  that  the  program 
was  too  difficult  for  some  of  the  pupils  or  that  they  ten¬ 
ded  to  work  carelessly.  It  will  be  observed  also  that  error 
rate  reached  a  maximum  during  the  second  day  and  then  re¬ 
ceded  on  the  third.  It  is  possible  that  as  the  novelty 
of  trie  machine  wore  off  the  suojects  began  to  work  more 
c  are  fully  and  deli  b  e  r  at  ely . 

The  correlation  between  error  score  and  time  taken 
was  calculated  to  be  .¥+.  This  could  be  interpreted  to 
mean  that  those  who  take  more  time  make  more  errors,  but 
since  the  correlation  is  not  significant  any  such  interpre¬ 
tation  should  be  tentative  pending  further  investigation 
with  larger  experimental  groups,  in  any  case,  it  may  again 
be  a  function  of  motivation.  The  correlation  between  i , 
and  error  rate  was  found  to  oe  -.03*  This  indicates  that 
for  tills  group  there  was  no  relationship  oe  tween  l^  and 
the  number  of  errors  made. 
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CHAPTER  VI T 


SUMMARY  -AND  IMPLICATIONS 


Much  time  is  spent  by  teachers  preparing  pupils  for 
examinations  and  in  working  to  some  criterion  by  employ¬ 
ing  various  types  of  drills  and  reviews,  The  author  of 
this  study  chose  the  topic  of  programmed  instruction 
because  he  felt  that  in  this  new  technique  lay  the  answer 
to  some  pressing  problems, 

h  How  can  the  schools  provide  for  needed  drill  with¬ 
out  the  tremendous  cost  of  teacher  supervision?  The 
teacher  is  most  certainly  necessary  in  the  actual 
initial  learning  situation;  but  while  the  pupils  me 
carrying  out  drill  work  the  teacher,  who  is  now,  for 
the  most  part,  a  professional  person,  could  be  much 
more  beneficially  employed  preparing  new  material  and 
helping  individual  pupils, 

2,  How  can  the  school  provide  for  individual  differ¬ 
ences?  It  is  true  that  administrative  procedures 
have  made  some  progress  in  taking  care  of  individual 
differences,  but  much  time  is  still  a  evoted  to  the 
slower  learner  while  the  bright  pupil  remains  un¬ 
challenged.  If  programmed  instruction  can  be  de¬ 
veloped  and  used  to  the  point  where  it  can  bring 
pupils  up  to  a  certain  standard  before  they  are  al¬ 
lowed  to  go  on  to  new  work,  the  teacher  can  be  assured 
that  the  class  is  where  he  wants  to  start  rather  than 


— 


, 

- 


. 

, 

* 

. 

t 

107 


finding  that  he  must  go  back  to  where  the  least  well 
informed  pupil  is. 

3.  How  can  we  rid  the  teacher  of  the  wearisome  and 
rather  unprofessional  task  of  marking  material  that 
does  not  need  expert  attention?  Teaching  machines 
can  certainly  be  developed  that  are  capable  of 
scoring  objective  types  of  items o  This  again  would 
free  the  teacher  for  more  professional  activities 0 
After  seeing  the  possibility  of  using  programmed  in¬ 
struction  to  solve  some  of  these  problems  it  followed  that 
some  evidence  was  needed  before  any  questions  could  be 
answered,  dome  of  this  evidence  was  available  in  the  form 
of  research  literature;  many  questions,  however,  remained 
unanswered.  This  study  was  undertaken  to  answer  at  least 
some  of  these. 

Summary  of  the  otudy 

The  basic  assumption  underlying  this  study  was  that 
it  should  be  possible  to  develop  a  technology  of  instruct¬ 
ion  applicable  to  teaching  of  all  kinds  and  for  all 
purposes.  It  was  realized,  of  course,  that  this  would 
require  much  time  and  many  studies,  but  the  urgency  of 
educational  needs  makes  such  a  technology  desirable  and 
necessary.  It  was  also  assumed  that  many  sub-varieties  of 
instructional  methods  would  be  useful,  and  that  these 
varieties  would  need  to  be  submitted  to  individual  test 
and  research.  The  experimenter  therefore  developed  a 
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language  program  which  could  be  used  to  test  the  effect¬ 
iveness  of  four  methods  of  presentation  and  instruction. 

The  relative  effectiveness  of  these  methods  was  postulated 
on  the  basis  of  the  extent  of  the  presence  of  certain 
variables  which  were  an  essential  part  of  a  particular 
method  of  presentation.  Forty  children  -  20  high  IQ  and 
20  low  IQ,  -  in  a  Grade  VII  class  of  language  were  chosen 
as  subjects.  The  20  pupils  in  each  IQ,  level  were  assigned 
randomly  to  four  groups  of  five  each.  It  was  hoped  by  this 
procedure  that  some  information  would  be  obtained  about  the 
interaction  between  intelligence  and  method  of  presentation. 
The  subjects  worked  through  the  program  on  each  of  three 
successive  days  and  were  then  given  a  test  to  see  how  much 
they  had  gained. 

Analysis  of  the  final  test  indicated  clearly  that 
programming  based  on  the  writing  of  separate  frames,  to 
which  each  student  had  to  respond  before  presentation  of 
another  frame,  was  superior  to  text  book  types  of  present¬ 
ation.  Further  analysis  of  the  data  indicated  that  though 
an  interaction  effect  between  intelligence  and  method  of 
presentation  was  present,  it  had  no  useful  interpretation. 

Implications  for  Programming  Gariy  research  reports 
on  programmed  instruction  have  given  the  impression  that 
expensive  hardware  would  be  necessary  for  successful  auto¬ 
mation,  This  line  of  thinking  no  longer  seems  to  be  in 
vogue.  The  very  fact  that  overt  responses  do  not  appear 
to  be  necessary  for  efficient  learning  would  indicate  that 
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simple  devices  will  be  sufficient  for  most  of  the  tasks 
required  of  teaching  machines,,  It  is,  after  all,  the 
program  that  is  really  central  to  the  problem.  This  study 
has  shown  that  sequence  is  important  and  that  better  re¬ 
sults  are  obtained  when  these  are  set  up  in  the  form  of 
individual  frames  to  which  the  nupil  must  respond  overtly 
or  covertly. 

The  study  has  also  shown  that  material  such  as 
language  for  junior  high  school  can  be  effectively  program 
med .  If  this  is  true  of  language,  it  is  probably  also 
true  of  other  subjects  but  further  research  in  various  sub 
ject  areas  is  needed.  At  this  time  there  is  no  reason  to 
believe  that  we  have  reached  a  limit  on  the  type  of  mater¬ 
ial  that  can  be  programmed ,  At  the  same  time  it  must  be 
admitted  that  very  little  is  known  about  programming  for 
the  development  of  higher  mental  processes;  but  then,  we 
know  little  about  how  to  do  this  in  the  regular  classroom. 
The  only  real  limit  to  programming  seems  to  be  the  ingenu¬ 
ity  of  the  programmer.  To  program  material  for  a  specific 
subject,  it  might  be  most  effective  if  a  teacher,  subject 
matter  expert,  psychologist  and  pupil  worked  together, 

Implic atlons  for  Further  Research  There  are  many 
other  methods  of  presentation  not  tested  in  this  study. 

It  will  be  necessary  for  further  research  to  develop  more 
of  these  methods  and  to  replicate  this  study  in  other  sub¬ 
ject  areas  using  other  grade  levels  and  1^  levels. 
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One  problem  which  faces  the  researcher  is  that  of 
control*  The  analysis  of  covariance  is  a  very  useful 
technique,  but  there  is  no  real  guarantee  that  control  of 
pre- experiment  ability  has  actually  been  attained.  In 
this  study,  for  example,  one  of  the  basic  factors  in  the 
experiment  was  the  division  of  subjects  into  dichotomous 
groups  on  the  basis  of  intelligence*  Though  the  intelli¬ 
gence  test  used  reports  a  high  reliability,  there  still 
remains  the  possibility  that  the  test  does  not  measure 
maximum  ability  but  rather  the  level  at  which  the  pupil  is 
now  functioning*  This  means  that  IQ,  scores,  as  any  other 
achievement  scores,  may  not  be  measuring  accurately  the 
potential  of  the  pupil,  especially  the  underachiever* 
Furthermore,  the  usual  group  intelligence  test  is  heavily 
loaded  with  culturally  biased  items  which  may  not  be  re¬ 
lated  to  his  ability  to  learn  a  specific  subject  at  all. 

It  might  be  beneficial  for  the  researcher  if  he  were  to 
develop  a  pre-program  which  would  give  him  an  unbiased 
estimate  of  the  ability  of  a  pupil  to  perform  in  the 
particular  area,  to  be  used*  This  would  make  grouping 
possible  which  would  take  into  account  the  presence  of  the 
machine*  The  author  is  presently  engaged  in  programming  a 
group  intelligence  test  in  an  effort  to  find  out  if  motiv¬ 
ational  effects  do  differ  when  tests  of  maximum  achieve¬ 
ment  are  presented  in  this  form. 

The  possibilities  for  further  research  cannot  possibly 
all  be  outlined  here*  More  knowledge  is  needed  about  the 
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writing  of  frames,  about  how  to  structure  a  certain  sub¬ 
ject,  about  the  effects  on  pupils  at  various  intelligence 
levels  and  about  the  whole  process  of  learning  in  general, 
Dome  problems  that  arise  are  fairly  simple  and  will  be 
solved  quickly.  Others  are  difficult  and  involved  and 
will  take  much  time<>  If  this  study  succeeds  in  laying 
the  groundwork  for  further  research  it  will  have  served  a 
worthy  purpose,  Kamo  (1957)  has  stated  encouragingly: 
"Don't  be  ashamed  of  proposing  a  new  idea.  Though  worth¬ 
less  today,  in  ten  years  it  may  be  of  no  value  whatsoever," 
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TABLE  I 


AGE,  LORGE— THORNDIKE  VERBAL  IQ's,  PRE-TEST  AMD  POST-TEST 
FOR  PUPILS  USED  IE  JASPER  PLAGE  EXPERIMENT  N 


Pupil 

No* 

Age 

L*  Th. 

IQ 

Pre- 

Test 

Post 

Test 

Group  Q 

1. 

12-8 

106 

30) 

1*7 

2* 

12-7 

106 

15 

1*1* 

3. 

12-6 

122 

3h 

53 

1*. 

13-7 

115 

12 

31 

5® 

12-8 

110 

16 

29 

6* 

13-7 

101 

23 

1*2 

7. 

13—11 

97 

11* 

So 

8. 

12-11 

io£ 

26 

39 

9. 

13-3 

82 

11 

29 

10* 

Hi-1 

98 

11 

27 

Group  MQ 

11* 

13-8 

no» 

19 

l*a 

12* 

13-6 

113 

15 

28 

13® 

12-6 

112 

25 

1*6 

1U. 

13-6 

112 

20 

38 

15. 

13-6 

111 

20 

1*6 

16* 

1>7 

101 

19 

22 

17* 

13-9 

100 

20' 

32 

18* 

12-10 

103 

23 

1*8' 

19* 

13-10 

90 

22 

38 

20* 

12-6 

9k 

23 
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Pupil 

No. 

Age 

L.  Th. 

IQ 

Pro- 

Test 

Post  - 
Test 

Group  T 

i 

A 

21. 

13-11 

111 

18 

22 

22. 

12-10 

119 

28 

29 

23. 

12-11 

10  6 

18 

35 

2U. 

12-10 

112 

30 

53 

25. 

12-10 

106 

2k 

Hi 

26. 

13-10 

99 

2 1 

26 

27. 

13-1 

103 

27 

21 

28. 

13-10 

.<95; 

Hi 

7 

29. 

1 h-h 

80 

10 

23 

30. 

Hi— 0 

•  80 

20. 

10 

Group  NP 

31. 

11-6 

116 

30 

33 

32. 

13-2 

ill 

30 

36 

33. 

12-10 

108 

Hi 

21 

3U. 

12-2 

106 

17 

30 

35. 

12-1 

lol 

15 

18 

36. 

13-0) 

103 

32 

16 

37. 

13-10 

99 

26 

27 

38. 

13-7 

98 

20 

25 

39. 

13-2 

103. 

15 

15 

hOo 

12-6 

97 

7 

18 
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TABLE  II 

IQ, PRETEST,  AND  POSTTEST 
MEANS  AND  STANDARD  DEVIATIONS 


IQ 

Level 

Test 

Presentation  Method 

Q  MQ  t 

_ _  _s _ rz: _ s _ 2:  a  . 

NP 

T s 

All 

Methods 
x  S 

IQ 

111.8  6.1  111.6  1.1 

110.8  1.9 

109.6  1.6 

110.95  1.63 

Ar*High 

Pretest 

21.1  9.5  19.8  3.2 

23.6  1.9 

21.2  7.3 

21.5  6.57 

Posttest 

10.8  9.2  39.6  6.6 

30.6  13.2  27.6  7.1 

31.6  10.95 

IQ 

96.5  9.0  98.0)5.3 

91.1  9.6 

98.6  1.8 

96.5  7.57 

B— Low 

Pretest 

17.0  6.3  21.1  1.9 

19.0  6.3 

20.0  8.7 

19 .u  8.27 

Posttest 

33.1  6.0  36.1  8.9 

17 .h  7.5 

26.2  10.8 

28.1  11.22 

IQ 

101.2  121  101.8  7.8 

101.1  123  301.1  7.2 

103.7  9.52 

Both 

Levels 


Pretest  19*2  8*0  20*6  2.7  21.3  6.1  20.6  8.0  20.1  6.69 

Posttest  37.I  8.8  38.0  8.0  21.0  126  26.9  9.1  31.5  18. 81 
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APPENDIX  B 


NAME 

» 

CLASS 

Last  Name 

First  Name 

DATE 

OF  BIRTH 

,  SCHOOL 

Year 

Month  Day 

WHAT  SCHOOL  DID  YOU  ATTEND  LAST  YEAR? 
WHERE  IS  THIS  SCHOOL?  _ 


DIRECTIONS  FOR  WRITING  THE  T^ST 

This  language  test  consists  of  eight  parts  each  of  which  contains  a  number  of 
questions.  You  are  to  read  the  instructions  for  each  part  and  then  to  do  the 
questions  that  follow  by  placing  your  answers  in  the  spaces  provided  in  your  test 
booklet.  The  marks  you  get  on  this  paper  will  not  go  on  your  report  cards.  Some 
of  the  questions  are  hard  and  I  do  not  expect  you  to  be  able  to  answer  all  of 
them,  but  I  want  you  to  do  the  best  you  can.  Marks  will  be  taken  off  for 
guessing,  so  do  not  guess  unless  you  are  fairly  sure  that  you  know  the  right 
answer.  You  have  forty  minutes  to  finish  the  test.  When  you  finish  turn  the 
paper  over  and  go  on  quietly  with  some  other  work. 


DO  NOT  TURN  THE  PAGE  UNTIL  I  SAY,  "BEGIN.11 
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READ  THE  INSTRUCTIONS  FOR  EACH  PART  OF  THE  TEST  CAREFULLY  AND 
BE  SURE  THAT  YOU  PLACE  YOUR  ANSWER  IN  THE  PLACE  PROVIDED. 


I.  Groups  of  words  may  be  classified  or  labelled  as: 

A.  A  simple  sentence 

B.  A  compound  sentence 

C.  A  complex  sentence 

D.  A  fragment 

Each  of  the  following  groups  of  words  may  be  classed  as  one  of  the  above 
types.  Indicate  your  choice  by  placing  the  capital  letter  corresponding 
to  your  choice  m  cue  blank.  in  the  right-hand  margin. 

1.  Tom  is  a  boy  who  has  many  interests. 

2.  I  went  to  the  store  while  my  brother  went  to  the  bank. 

3.  Dc:  ing  the  Easter  holidays,  when  there  is  no  school. 

4.  He  struck  out,  and  the  pitcher  cheered. 

5.  Which  one  of  the  boys  who  was  in  the  building  when  the  fire  started? 

6.  Although  the  bell  had  rung,  Harry  was  in  no  hurry  to  get  to  school. 

7.  I  have  a  cat,  a  dog  and  two  rabbits  in  my  very  own  zoo. 

8.  Sam  does  well  in  arithmetic  and  Spanish,  but  he  does  poor  work  in 
social  studies. 

9.  He  saw  a  tree  that  had  been  blown  over  during  the  hurricane. 

0.  Into  the  lonely  forest  Harry  plunged. 


I.  One  of  each  of  the  following  pairs  of  compound  sentences  is  good  because 
it  combines  similar  ideas  of  equal  importance.  The  other  is  poor  because 
it  combines  unlike  ideas.  Indicate  which  is  the  good  sentence  in  each 
pair  by  placing  the  appropriate  capital  letter  which  corresponds  to  your 
choice  in  the  space  at  the  right. 

k.  The  dress  was  a  bargain,  but  I  had  spent  all  my  money. 

S.  The  dress  was  a  bargain,  and  my  friend  had  one  like  it. 

Ken  needed  money  for  college,  and  his  uncle  owned  a  gas  station. 

J .  Ken  needed  money  for  college,  and  his  uncle  offered  him  a  job. 

We  had  turkey  for  dinner,  and  I  prefer  the  dark  meat. 

S*  Dad  prefers  the  light  meat,  and  I  prefer  the  dark  meat. 

Sally  types  with  great  speed,  and  her  work  is  accurate. 

Sally  types  with  great  speed,  and  she  has  a  new  typewriter. 
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[I.  If  the  underlined  group  of  words  is  an  Adjective  Clause,  write  Adj.  in 
the  space  on  the  right.  If  the  underlined  group  of  words  is  an  Adverb 
Clause,  write  Adv.  in  the  space  on  the  right. 

L5.  When  a  union  and  a  company  cannot  agree,  a  strike  may  occur. 

L6.  We  have  a  number  of  customers  who  always  phone  their  orders. 

.7.  I  prayed  for  snow  so  that  I  could  try  out  my  new  skis. 

L8.  Vic  has  a  new  watch  which  tells  the  day  of  the  month. 

L9.  The  lady  whose  recipe  won  first  prize  was  not  in  the  audience. 

20.  I  always  read  his  article,  although  I  frequently  disagree  with  him. 

21.  Although  he  was  a  very  old  man,  he  still  seemed  to  have  a  lot  of  energy. 

22.  The  watch,  which  John  had  given  me.  stopped. 

23.  The  cowboys  rode  into  town  after  the  sun  went  down. 

24.  When  dinner  is  ready,  I  shall  call  you. 

.V .  Eliminate  the  "and"  by  changing  the  underlined  statement  to  the  kind  of 
word  group  indicated  in  the  parentheses.  Rewrite  each  sentence. 

25.  We  have  had  little  rain  and  the  crops  will  be  poor  (adverb  clause) 


26.  I  got  the  advice  of  a  friend,  and  he  knows  a  lot  about  cars,  (adjective 

clause) 


27.  John  never  gains  weight,  and  he  is  a  big  eater .  (adverb  clause) 


3.  We  gave  the  bike  to  a  child,  and  his  father  is  out  of  work,  (adjective 

clause) 


9. 


I  took  the  clock  apart,  and  I  couldn't  put  it  back  together  again,  (adverb 

clause) 
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V.  Place  the  letter  which  corresponds  to  the  best  answer  in  the  blank 
space  on  the  right. 

EXAMPLE ;  The  planet  which  is  closest  to  the  sun  is 

A.  Venus  C.  Mercury 

B.  Pluto  D.  Jupiter 

30.  Which  of  the  following  is  NOT  a  conjunction? 


A.  and 

B .  however 


C .  but 

D.  or 


31.  Which  one  of  the  following  words  is  an  adverb  clause  signal? 


A.  but  C.  for 

B.  when  D.  none  of  these 

32.  Here  is  a  sentence  with  a  word  missing: 

", _ Sandy  eats  heartily,  he  cannot  gain  weight." 

Which  adverb  clause  signal  below  would  bring  out  the  meaning  most 
clearly? 

A.  because  C.  although 

B.  as  if  D.  whenever 

33.  Which  one  of  the  following  sentences  is  NOT  a  complete  sentence? 

A.  Riding  down  the  road  in  the  afternoon  while  the  sun  bakes 
the  earth  roundabout. 

B.  John  was  riding  along  the  road  on  a  hot  summer  afternoon. 

C.  On  a  hot  summer  afternoon  the  sun  baked  the  earth. 


34.  A  compound  sentence  consists  of 

A.  A  compound  subject  and  a  compound  predicate. 

B.  Two  subjects  and  one  predicate. 

C.  One  subject  and  two  predicates. 

D.  Two  subjects  and  two  predicates. 

35.  "Some  of  my  friends  and  neighbors  came  to  supper,  and  we  sang  and 
played  all  evening." 

Which  of  the  following  statements  is  true  of  the  sentence  above? 

A.  The  first  "and"  connects  two  parts  of  a  compound  sentence. 

B.  The  second  "and"  connects  two  parts  of  a  compound  sentence. 

C.  The  third  "and"  connects  two  parts  of  a  compound  sentence. 

D.  This  is  not  a  compound  sentence. 


36.  Which  pair  of  sentences  would  make  the  best  compound  sentence  when 
combined  ? 


A.  The  dog  was  biting  the  man.  He  did  not  like  it. 

B.  She  has  long  curls.  Sometimes  she  plays  baseball. 

C.  Carl  is  a  strange  boy.  The  teacher  likes  all  of  the 
children  in  the  class. 
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7.  Which  of  the  following  groups  of  words  is  an  adverb  clause? 

A.  the  house  is  burning 

B.  if  the  house  is  burning 

C.  burning  in  the  house 

D.  the  burning  house 


8.  A  complex  sentence  must  contain 

A.  a  clause 

B.  a  phrase 


C.  a  compound  subject 

D.  two  clauses 


9.  "While  flying  to  Europe,  Mr.  Smith  collided  with  an  albatross.11 
The  underlined  group  of  words  is 


A.  a  prepositional  phrase 

B.  an  adjective  clause 


C.  a  word  group 

D.  none  of  these 


kO .  Which  one  of  the  following  words  could  NOT  be  used  to  begin  an 
adjective  clause? 


A.  who 

B.  which 

1.  An  adjective  clause 


C.  that 

D.  yet 


A.  does  the  work  of  a  simple  subject 

B.  does  the  work  of  a  compound  subject 

C.  does  the  work  of  an  adverb 

D.  none  of  these 

+2.  "The  man  robbed  the  bank,  who  went  into  that  hotel." 

In  this  sentence  the  underlined  adjective  clause  modifies 


A.  robbed 

B .  bank 


C .  man 

D.  who 


+3.  We  can  tighten  tup  a  weak  compound  sentence  by 

A.  using  a  compound  subject 

B.  replacing  part  of  the  sentence  with  a  preposition 

C.  using  a  different  conjunection 

D.  changing  one  of  the  statements  to  an  adjective  clause 

♦4.  "The  man  in  the  black  suit  is  a  secret  agent." 

The  underlined  words  form 

A.  an  adjective  clause 

B.  a  prepositional  phrase 

C.  a  noun  clause 

D.  an  adverb  clause 


L).  ■ 


•  •  -j; 


h; 


.  r 


126 


VI.  Change  the  following  compound  sentences  to  complete  sentences  by 
crossing;  out  the  conjunction  and  placing  the  correct  clause  sig¬ 
nal  to  replace  it  in  the  parentheses  at  the  end  of  the  sentence. 


1*5.  John  can  play  football,  and  he  once  had  polio.  (  ) 

1*6.  I  went  to  the  store,  but  John  went  to  the  park.  (  ) 

1*7.  Mother  was  knitting  a  scar£  and  the  roast,  was  buring.  (  ) 

1*8.  The  bridge  had  collapsed,  and  the  train  had  to  detour.  (  ) 

1*9.  Ernie  had  a  sore  foot,  and  it  kept  him  from  running  in 

the  race.  (  ) 


Vii.  Underline  the  best  answer  in  each  of  the  following. 

50.  A  (simple,  compound)  sentence  can  be  divided  into  two  separate 
sentences. 

51.  We  have  been  to  Seattle  and  learned  a  lot  about  the  World  Fair. 
Should  a  comma  be  inserted  after  "Seattle?11  (Yes,  No). 

52.  We  have  been  to  Seattle,  and  we  learned  a  lot  about  the  World  Fair. 
"We"  has  been  added  to  the  sentence  in  number  51®  The  comma  after 
"Seattle"  is  now  (right,  wrong). 

53.  The  piano  played,  the  violin  sang. 

In  this  sentence  the  (subject,  conjunction)  is  missing. 

51*®  If  we  wish  to  contrast  two  ideas,  we  should  use  the  conjunction 
(and,  but). 

55®  A  clause  is  a  group  of  words  which  has  a  subject  and  a  verb. 

)lt  does,  does  not)  make  sense  by  itself. 

56.  An  adjective  clause  does  the  work  of  a  single  (adjective,  con¬ 
junction.) 

57.  Mary  passed  the  examination  although  she  did  not  study  for  it. 
Because  this  sentence  contains  a  clause,  it  is  a  (compound, 
complex)  sentence. 

58.  Adjective  clauses  are  just  as  movable  as  adverb  clauses. 

(true,  false). 

59®  When  we  wish  to  refer  to  a  person,  we  should  use  (which,  who). 
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60*  Adjective  clause  signal  are  (adjective,  pronouns), 

61,  If  we  wish  to  change  a  compound  sentence  to  a  complex  sentence, 
we  should  (add,  remove)  the  conjunction  "and”, 

62,  An  adjective  clause  usually  comes  (before,  after)  the  noun  or 
pronoun  it  modifies. 

63*  A  clause  which  tells  when  something  happened  is  most  likely  an 
(adjective,  adverb)  clause • 

6k *  A  complex  sentence  (can,  cannot)  be  divided  into  two  separate 
sentences, 

65 •  A  clause  signal  can  never  consist  of  more  than  one  word  (true, 

false) o 
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SCUnlNG  PuGChDUnS  P0 d  CuifErilUN  TEST 


Section  1  -  items  1-10  -  Score  =»  Night  minus  wrong 

n  -  1 

l where  n  =  number  of  alternative  choices 


in  e 


Section 

11  -  items 

11-14-  - 

Section 

ill  -  items 

15-24  - 

Section 

IV  -  items 

25-29  - 

Section 

V  -  items 

30-49-  - 

Section 

Vi  -  items 

45-49  - 

Section 

Vli  -  items 

50-65  - 

ch  item; 

Score  «  x tight  minus  Wrong 

Score  *  night  minus  Wrong 

Score  =  Number  of  items 
Correct 

Score  =  x light  minus  wrong 

n  -  1 

Score  »  Number  of  items 
Correct 

Score  =  i 


light  minus  wrong 

n  -  1 
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APPENDIX  G 


Samples  of  Programs  Used  in  Jasper  Place  Experiment 


Program 

Quiz  and  Modified  Quiz 
Test . 


Page 

132 

13^ 

136 


No  Practice 
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Glen  /  buys  old  cars- 


132 


This  sentence  can  be  divided  into  two  major  parts: 
the  complete  subject  and  the  complete  pred  • 


Glen  and  Chris  /  buy  old  cars. 


Although  the  complete  subject  now  contains  two 
simple  subjects,  the  sentence  can  still  be  divi¬ 
ded  into  major  parts,  (How  many?) 


Glen  and  Chris  /  buy  old  c-ars  and  rebuild  them 


Now  the  complete  subject  has  two  parts  connected 
by  the  word  ’’and,"  and  the  complete  predicate  has 
two  parts  also  connected  by  the  word  _ 


Glen  and  Chris/buy  old  cars  and  rebuild  them. 


Because  the  complete  subject  has  more  then  one 
part,  we  say  the  subject  is  compound. 

Because  the  complete  predicate  also  has  more  than 
one  part,  we  say  that  the  predicate  is _ • 


Glen  and  Chris  /  buy  old  cars  and  rebuild  them. 


Although  both  the  subject  and  the  predicate  are 
compound,  we  can  still  divide  the  sentence  into 
two  parts:  the  complete  subject  and  the  complete 


A  sentence  that  can  be  divided  into  two  parts — 
a  subject  and  a  predicate — is  a  simple  sentence. 
A  simple  sentence  may  have  a  compound  subject 
and/or  a  compound 


%•  mother  is  English.  Ivy  father  is  French. 


Each  of  the  above  sentences  can  be  divided  into 
a  subject  and  a  predicate. 

Therefore  each  of  the  above  sentences  is  a  (simple, 
compound )  sentence  » 


Viy  mother  is  English  and  my  father  is  French. 


The  two  sentences  are  now  joined  into  a  single  sen¬ 
tence  by  the  conjunction  or  connecting  word  _ 


predicate 


two 


and 


compound 


predicate 


predicate 


simple 
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My  mother  is  English  and  my  father  is  French, 


This  is  not  a  simple  sentence  because  each  of  its 
two  parts  now  has  its  own  subject  and  _  • 


Our  school  is  small,  but  we  have  good  teams. 


This  sentence  was  made  by  joining  two  simple  sen 
tences  with  the  conjunction  _ 


You  must  shut  the  gate,  or  the  dog  will  get  out. 


This  sentence  was  made  by  joining  two  simple  sen¬ 
tences  with  the  conjunction  _  _ . 


A  sentence  made  by  joining  two  (or  more)  simple 
sentences  vdth  the  conjunction  and.,  but  or  or  is 
called  a  compound  sentence. 

The  most  common  conjunctions  that  connect  the  two 
parts  of  a  compound  sentence  are  and,  but  and  _ 

(  ,  and 

_ _ _ (  ,  but _ ___ _ 

•  —  (  ,  or  “ 

Notice  that  in  a  compound  sentence  there  is  a 
subject  and  a  predicate  both  before  and  after 
the  or  connecting  word. 


A  simple  sentence  cannot  be  divided  into  two  sepa¬ 
rate  sentences. 

A  _ sentence  can  be  divided  into  twoe 

separate  sentences. 


a.  Our  class  made  birdhouses  and  sold  them. 

b.  Our  class  made  birdhouses  and  the  church  soldthem. 


Which  sentence  has  both  a  subject  and  a  predicate 
after  the  conjunction  ''and"?  (a  or  b?) 
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Glen  /  buys  old  cars* 

This  sentence  can  be  divided  into  two  major  parts: 
the  complete  subject  and  the  complete  predicate. 


Glen  and  Chris  /  buy  old  cars. 

Although  the  complete  subject  now  contains  two  simple 
subjects,  the  sentence  can  still  be  divided  into  two 
major  parts. 


Glen  and  Chris  /  buy  old  cars  and  rebuild  them. 

Now  the  complete  subject  has  two  parts  connected  by  the 
word  "and,"  and  the  complete  predicate  has  two  parts  also 
connected  by  the  word  "and". 

Glen  and  Chris  /  buy  old  cars  and  rebuild  them. 

Because  the  complete  subject  has  more  than  one  part,  we  say 
the  subject  is  compound. 

Because  the  complete  predicate  also  has  more  than  one  part, 
we  say  that  the  predicate  is  compound. 

Glen  and  Chris  /  buy  old  cars  and  rebuild  them. 

Although  both  the  subject  and  the  predicate  are  compound, 
we  can  still  divide  the  sentence  into  two  parts;  the 
complete  subject  and  the  complete  predicate. 

A  sentence  that  can  be  divided  into  two  parts — a  subject 
and  a  predicate — is  a  simple  sentence. 

A  simple  sentence  may  have  a  compound  subject  and/or  a 
compound  predicate. 

My  mother  is  English.  My  father  is  French. 

Each  of  the  above  sentences  can  be  divided  :nto  a  subject 
and  a  predicate. 

Therefore  each  of  the  above  sentence  is  a  _ simple _  sentence. 

My  mother  is  English,  and  my  father  is  French. 

The  two  sentences  are  now  joined  into  a  single  sentence 
by  the  conjunction,  or  connecting  word,  and  . 

My  mother  is  English,  and  my  father  is  French. 

This  is  not  a  simple  sentence  because  each  of  its  two 
parts  now  has  its  own  subject  and  predicate. 
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Our  school  is  small,  but  we  have  good  teams. 

This  sentence  was  made  by  joining  two  simple  sentences  with 
the  conjunction  but . 


You  must  shut  the  gate,  or  the  dog  will  get  out. 

This  sentence  was  made  by  joining  two  simple  sentences  with 
the  conjunction  or  . 

A  sentence  made  by  joining  two  (or  more)  simple  sentences  with 
the  conjunction  and,  but ,  and  or  is  called  a  compound  sentence. 
The  most  common  conjunctions  that  connect  the  two  parts  of 
a  compound  sentence  are  and,  but,  and  or  . 

(  t  and 

- - -  (  ,  but  — - 

(  >  or 

Notice  that  in  a  compound  sentence  there  is  a  subject  and  a 
predicate  both  before  and  after  the  conjunction  or  connecting 
word. 

A  simple  sentence  cannot  be  divided  into  two  separate  sentences. 
A  compound  sentence  can  be  divided  into  two  separate  sentences. 

a.  Our  class  made  birdhouses  and  sold  them. 

b.  Our  class  made  birdhouses  and  the  church  sold  them. 


Sentence  b  has  both  a  subject  and  a  predicate  after  the 
conjunction  "and." 

a.  Our  class  made  birdhouses  and  sold  them. 

b.  Our  class  made  birdhouses  and  the  church  sold  them. 


Sentence  b  can  be  divided  into  two  separate  sentences. 

a.  Our  class  made  birdhouses  and  sold  them. 

b.  Our  class  made  birdhouses  and  the  church  sold  them. 


Sentence  b  is  a  compound  sentence. 

Our  class  made  birdhouses  and  sold  them. 


This  is  not  a  compound  sentence  because  there  is  not  a 
subject  and  predicate,  but  only  a  predicate  after  the 
conjunction  "and." 
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A  sentence  can  be  divided  into  two  major  partsr  the  complete  subject  and  bhe 
complete  predicate. 

Glen  /  buys  old  cars,. 

In  this  sentence  there  are  two  major  parts-,  the  complete  subject;  "Glen"  and 
the  complete  predicate  "buys  old  cars*" 

Glen  and  Chris  /  buy  old  cars* 

Although  the  sentence  now  contains  two  si mple  sub j  e  c  t  s ,  the  sentence  can  still 
be  divided  into  two  major  parts* 

Glen  and  Chris  /  buy  old  cars  and  rebuild  them. 

Now  the  complete  subject  has  two  parts-  connected  by  the  word  "and",  and  we 
say  that  the  subject  is  compound*  The  complete  predicate  consists  of  two 
parts  and  so  the  predicate,  toe,  is  said  to  be  compound.  Now  a  simple  sen¬ 
tence  can  be  divided  into  two  parts,  a  subject  and  a  predicate.  If  either 
the  subject  or  the  predicate  are  compound,  the  sentence  is  still  simple. 

Ty  mother  is  English*  iifcr  father  is  French* 

Each  of  these  two  sentences  can  be  divided  into  a.  subject  and  a  predicate* 
Therefore  each  sentence  is  a  simple  sentence. 

¥sy  mother  is  English  and  my  father  is  French. 

The  two  sentences  have  now  been  combined  into  a  single  sentence  by  the  con¬ 
junction,  or  connecting  word  "and".  Each  of  the  two  parts  of  the  sentence 
nov;  has  its  own  subject  and  predicate*  The  sentence  is  no  longer  a  simple 
sentence;  it  is  now  a  compound  sentence* 

Our  school  is  small,  but  we  have  good  teams. 

This  compound  sentence  was  made  by  joining  two  simple  sentences  with  the 
conjunction  'but". 

You  must  shut  the  door,  or  the  dog  will  get  out. 

This  sentence  was  made  by  joining  two  simple  sentences  with  the  conjuntion 
"or".  A  sentence  made  by  joining  two  (or  more)  simple  sentences  "with  the 
conjunctions  and, but  or  or  is  called  a  compound  sentence.  These  are  the 
three  most  common  conjunctions.  ^ 

_ (,  but  _  _ 

-  (#  or 

Notice  that  in  a  compound  sentence  there  is  a  subjet  and  a  predicate  both 
before  and  after  the  conjunction  or  connecting  wot d.  Remeber  also;  that 
a  simple  sentence  cannot  be  divided  into  two  separate  sentences,  but  that 
a  compound  subject  can. 

Our  class  made  birdhouses  and  sold  them. 

This  is  not  a  compound  sentence  because  there  is  not  a  subject  and  predicate 
but  only  a  predicate  after  the  conjunction  "and".  In  this  sentence  the  con¬ 
junction  merely  connects  two  predicates. 

Fir.  Rice  excused  himself  and  he  and  his  wife  left  the  meeting. 

There  are  two  "and's"  in  this  sentence.  The  first  "and"  connects  the  two 
parts  of  this  compound  sentence. 

Several  boys  and  girls  wrote  and  produced  this  program. 

This  sentence  also  contains  two  "and’s."  We  notice,  though,  that  neither  one 
of  these  is  used  to  connect  the  two  parts  of  a  compound  sentence. 
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Here  arc  some  of  the  things  that  we  know  about  simple  and  complex  sentences* 
1*  A  simple  sentence  cannot  be  divided  into  two  separate  sentences. 

2.,  A  compound  sentence  can  be  made  by  joining  two  simple  sentences 
■with  a  conjunction. 

3*  A  compound  sentence  can  be  divided  into  two  separate  sentences. 
h»  In  a  compound  .  nt  nee , there  is  a  subject  and  a  predicate  both 
before  and  after  the  conjunction. 

5.  The  three  most  common  conjunctions  arc  and,  but  and  or. 

Only  similar  ideas  of  equal  importance  should  be  combined  into  a  compound 
sentence. 

a.  The  lightning  flashed,  and  the  thunder  rumbled. 

b.  The  lightning  flashed,  and  I  was  walking  with  Carl. 

In  sentence  a.  the  ideas  fit  together  best. 

The  lightning  flashed,  and  the  thunder  rumbled. 

Because  both  parts  of  this  sentence  are  about  weather  conditions,  this  com¬ 
pound  sentence  is  good. 

One  of  us  washes  the  dishes,  and  the  other  dries  them. 

This  is  a  good  compound  sentence  because  both  parts  are  about  the  washing  of 
dishes.  Now  look  at  this  sentences 

The  food  in  our  cafeteria  is  good.  The  prices  are  reasonable. 
Note  that  the  subject  of  the  first  sentence  is  "food";  the  subject  of  the 
second  sentence  is  "prices."  Although  each  sentence  has  a  different  subject, 
both  sentences  are  about  the  cafeteria's  food — the  first  about  its  quality 
and  the  second  about  its  price.  Both  of  these  sentences,  are  about  food, 
and  the  ideas  are  of  equal  importance* 

Lois  has  beautiful  eyes,  and  her  hair  is  most  attractive. 

Both  statements  in  this  compound  sentence  arc  about  Lois's  appearance  and  are 
of  equal  importance. 

"Which  of  the  following  sentences  is  the  better  compound  sentence? 

a.  Dad  rented  the  house  on  Monday,  and  we  moved  in  on  Saturday. 

b.  Dad  rented  the  house  on  Monday,  and  it  has  three  bedrooms. 

Because  'the  tiro  ideas  in  sentence  a*  are  more  alike,  it  is  a  better  sentence 

Don't  write  two  sentences  together  unless  you  use  a  conjunction  to  connect 
them. 

The  lightning  flashed,  the  thunder  rumbled. 

This  sentence  is  wrong  because  there  is  no  conjunction  to  hold  the  two  state¬ 
ments  together. 

a.  I  rang  the  doorbell,  a  child  came  to  the  door. 

b.  I  rang  the  doorbell,  and  a  child  came  to  the  door. 

Sentence  a.  is  wrong  because  the  conjunction  is  missing. 

Don't  use  "and"  where  "but"  would  bring  out  the  contrast  or  difference  be¬ 
tween  two  things  more  clearly 

We  asked  his  permission,  but  he  refused. 

In  this  sentence  "but"  brings  out  the  moaning  most  clearly.  Use  the  conjunc¬ 
tion  that  brings  out  the  meaning  most  clearly.  Notice  the  sentences  below. 

a*  We  asked  his  permission  and  he  consented. 

b.  There  was  a  stop  sign  at  the  corner,  but  Dick  didn't  see  it. 

c.  The  sign  was  too  small,  and  many  people  failed  to  see  it. 
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